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S U M M A R Y
The reproducibil i ty of standard f i b e r counts in tlie Cambridge labora-

tory was de t ermined. Variables such as operators, equipment, and technolo-
gies were included.

It is concluded that the Cambridge laboratory showed a variation of
less than 193& of .the total f i b e r counted. The reproducibi l i ty in such a
range is considered excellent compared with .those described in publications
(generally . .Recent Libby..lab samples were also counted in our lab and used in the
study for discussion.

B A G K & R O U H D C T F O R M A T I O I T
The counting has been carried out in the Cambridge laboratory by two

operators, trained originally by F. G. S e r a f i n . F a c i l i t i e s available for
counting is a phase -contrast microscope of Bausch & Lomb, DynaZoon model;
and also a TV viewing screen attachment by Techni-Quip C o r p . , so that an
operator can either count the f i b e r s d i r e c t ly with the microscope or count
the f i b e r s on the p r o j e c t e d TV screen.

It is necessary to know the reproducib i l i ty and accuracy of our meas-
urements in order "to meet the OSHA and 1-ESA requirements. U n f o r t u n a t e l y , as
far as we know, there is no primary standard available on the market which
will allow us to check the absolute accuracy of our method. The only way we
can determine whether we have reliable results is the verif ication of count-
ing s p e c i f i c samples by several experienced personnel.
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To: H. C. Duecker A s b e s t o s F i b e r Counting
From: J. C. Yang in the Cambridge Laboratory
12/9/76 Page 2

CRITERIA 03630480
It is very d i f f i c u l t to decide (1) whether the f i b e r being counted is a true
f i b e r even though the aspect ratio is greater than 3 to 1, (2) whether the
size of f i b e r should be counted at all. For example, slivers of vermiculite
or p l a t e s s tanding on edge should be avoided; the judgment is mainly basedon experience and knowledge of microscopy.
Based on F i e l d Information Memorandum j=?U-92 of OSHA (issued 11/21/7*4-),maximum diameter of a f i b e r to be counted is 3 ja., and the maximum length ofa f i b e r to be counted is 30 ju. The Memorandum from MESA issued 12/13/7^ is
about the same except the maximum length of f i b e r to be counted is 25 ^tt.
In the Cambridge laboratory we have used the f o l l o w i n g guidelines:

1) partic le s must appear to be f iberous rather than as crystals orslivers, .
2) the maximum diameter of a f i b e r to be counted is 3 microns,
3) the minimum length of a f i b e r to be counted is 5 microns,
k) the pia.Tri""!'" length of -a f i b er to b'e counted is 30 microns, •«•• •
5) the length to width ratio must be 3 or more to 1.
6) the separate or individual f i b er s must contain f i b r i l s ; af ibr i l cannot be subdivided and would be counted as one ifit meets the other criteria.
7) The basic number of f i e l d s to be counted is 50, and if nof i b e r s or only one f i b e r is found in counting the f i r s t tellf i e l d s , then 100 f i e l d s should be counted.

E X P E R I M E N T A L D A T A
All the counting data are presented in T a b l e s 1 to 6. In these tables the
average variations in % are calculated and pre sented.
T a b l e 1C E f f e c t of d i f f e r e n t viewing equipment with the same operator.
Table 2. E f f e c t of same viewing equipment with d i f f e r e n t operators:

(a) Microscope (b) TV screen
Table 3. E f f e c t of the same viewing equipment and the same operator.
Table U. Summarized results of Table s 1, 2, and 3-
T a b l e 5. S t a t i s t i c a l s tudy of Cambridge results on counting samplesfrom the Libby lab. . . :; •
Table 6. Comparison of the results f rom Libtay laboratory and Cambridge

laboratory.
1 5 1 0 Z 6 2 2
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To: H. C. Duecker A s b e s t o s F i b e r Counting
From: J. C. Yang in the Cambridge Laboratory
12/9/76 Page 3

D I S C U S S I O N 03630481
Regardless of the variables employed, the Cambridge laboratory showed less
than 15$ variability in the counting data, and the average standard devia-
tion of 20 samples is O.l8 f iber per cc.
According to a few paper s published in this area ( R e f . 1 and 2), thestandard deviation of the results varied between 0.*4--1.2 f / c c , under thef i e l d conditions, and 0.2 f / c c under ideal laboratory conditions. Anotherpaper cited the c o e f f i c i e n t of variation to be about ± 2056, and the mav-itnnnn
can be ± 50/6- Based on these re sul t s , the Cambridge data looked very, respect-
able.
In ver i fy ing the Libby data as shown in Tabl e 6, the Libby counting resultsare consis tently higher (in f a c t , about 23C) than the Cambridge results.(H. Eschenbach and F ; n S e r a f i n counted 5 samples and their results are •in-
b e t w e e n ' , -but -closer to i the lower. values of the Cambridge lab .)
It is poss ible that the two laboratories are using d i f f e r e n t criteria -toi d e n t i f y the f i b er or select the f i b er s for counting. The more likelyexplanation of the d i f f e r e n c e is because the f i l t e r Cambridge .received; ' * w e r e the ones Libby n a d ' c u t ' a ' s e c i i b n 5 off of , If or evaluation. In this ' <operation, the f i l t e r surface has been disturbed and some f ib er s may havef a l l e n off resulting in lower f i b er values. However, another factor- is thatin this group of samples ( from Libby l a b ) the range of f i b e r length was verylarge, wider than usual; there were many f iber s much greater than 3OyU and- also many less than 5 j & j hut close to 5 ,u size. In our procedure these should

not be counted. : - .

R E C O M M E N D A T I O N
To check the discrepancies between Libby and Cambridge laboratories, the f o l -lowing actions are recommended:
1) The Cambridge -prepared s l i d e s of Libby samples from TfiA ^993° will besent back to Libby for counting.
2) A second set of Cambridge -prepared s l ides (T&A. A9561-2 samples fromPortland, Oregon) will be sent also to Libby for counting. T h i s grouphas very d i f f e r e n t f iber length distributions and f i b er density thanthe group from Libby.
3) Libby-laboratory-prepared s l ide s of T&A. U9930 will be sent to Cambridge

f o r counting. . • •
• • - " ' ' ' '

15102623
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03630482

To: H. C. Duecker A s b e s t o s F i b e r Counting
From: J. C. Yang in the Cambridge Laboratory12/9/76 Page h

4) . T h e Libby samples (in ca s e t t e s) for TSA 9̂930 will be sent back toLibby for re-evaluation, which would show the e f f e c t of transporta-tion and f i l t e r handling on counting.
5) A f t e r qii the counting results are compiled, decisions will be madeon how to equalize our results.
6) In addit ion, the cal ibration fa c t or s for both laboratories will berechecked.

REFERENCES
1. Ortiz, L.W.; Ettinger, H . J . ; and Fairchi ld, C . I . , "CalibrationStandard s for Counting Asbestos" J._ Am. ;Ind.Hygiene Assoc. pp. 1C4-1H ( F e b . 1975)
2. Rajhans, G . S . ; and Bragg, G.M. "A Stat i s t i ca l Analysis of AsbestosFiber Counting in the Laboratory & Industrial Environ-*..< •;.,.-.*.,. . ,. ^ment" J. Am. Ind.^^ygiene Assoc. pp. 9<̂ -915•--* • ^ ' ( D e c . 1975)' ' • ' " " • ' .""" ' ' • " ' • - * ' v ; ' v ' -•".•.•..,<•.,.-.•*••,•-:
3. General:

a. Memorandum MSSA 12/13/7^
b. ' Fie ld Information Memorandum OSHA #7̂ -92 11/21/71!-
c. Procedure for Fiber Counting by F. G. S e r a f i n 2/23/76

J u l i e C. Yangy O
J C Y : m l r
attachments

\
1510262* ')

.|108Z00223|
' • • '



From: J. C. Yang12/9/76

GRACE C o n s t r u c t i o n P r o d u c t s Divi s i on

TABLE I 03630483
EFFECT OF DIFFERENT VIEWUKJ EQUIPMENT ON REPRODUCIBILITY

OF COUNTING BY A SINGLE OPERATOR

(Reference: T&A 49561-2 Operator: J. F o l e y )

A ) S a m p l e
N o .
1
2.
3.
4.
5-6.
7.
8.
9.

10.
11.

TV
4.31
0.11
0.68
2.17
3.48
1.82
0.17
4.72
0.14
0 & 4 • ' " • '

. 1.51

Microscope
3.8

<0.11
1.20
2.62
3.76
1.94
0.17
3.75
0.29

•"-•: 0.04
0.88

M S A H
( X )

4.055
0.11
0.94
2.395
3.62
1.88
0.17
4.235
0.215
0.04 ..
1.195

V A R I A T I O N
/ X i - X I

0.255
0
0.26
0.225
0.14
0.06
0
0.485
0.075

.. Q ,.,..-̂ :;-

0.35

V A R I A B I L i :
%

6.29o
27.66

9-39
;3.87
3-19
0

11.45
34.88,

; : : ' = : • ; • ' O ^ T r
26.36

B )

av:
(Reference: T&A 49431 Operator: J . P . W a l l a c e )

S a m p l eN o .
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13-

TV
2.64
2.53
2.6l

' 3.42
5.. 24

,- 3.19
2.28
2.61
3-23
1.67
4..203.94
1.77

Microscope
4.08
3.29
3.25
4.10
3.87
2.96
2.10
3.69
3.42
2.58
2.91 .
4.104.30

J I L3.362.91
2,93
3.76
4.555"
3-075
2.19
3.15
3.325
2.125
3.555 ' "
4.04
3.035

i X i - X I
0.720.38
0.32
0.34
0.685
0.115
0.09
0.54
0.095
0.455
0.645 :
0.101.265 av:

•**
$ . .

21.4313.06
10.92
9.04

15.04
3.74
4.10

17.14
2.86
21.41

•iB.lM
2.4841.68

1510
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F r o m : - J . C . Yang
12/9/76

GRACE C o n s t r u c t i o n Produc t s Div i s i on
TABES 2

A ) Microscope Viewing
S a m p l e

Mo.
1
2
3
4
5
6
7
8
910

11

B) S a m p l e
_- • .-fr/Mb.

1
2
3
4
5
6
7
8
910

11
12
13

Operator 1
3.80

<:o.n
1.20
2.623.761.94
0.173.75
0.29o.o40.88

Operator 1
3.12
3.043.26
4.103.652.742.46
2.173.42
2.28

- 4.74
3-11
2.79

F 3 3 3 N T OPERATORS O t f R E P R O D U C I B I L I T Y U S I N G
T H E S A M E V I E W I I f C -

( K e f erence : TSA

Operator 2
3.08

^O.ll
0.68
1.60
3.36
1.940.17
4.230.140.09
0.98

E Q U I P M E N T
49561-2}

MEAN
( X )
3.44o.n0.94
2.113.561.940.17
3-99
0.215
0.065
0.93

V A R I A T I O Ntx± - x J
0.36
0
0.26
0.51
0.2
0
0
0.24
0.0750.025
0.05

03630484
V A R I A B I L I M :^

10.47o
27.66
24.17
:5.62

O
. 0

6.01
34.8838.46
5.38

av, 12.2336
(Beference: T&A 49431)

Operator 2 '
4.08
3-29
3.25
4.10
3.87
2.96
2.1O
3.693-42
2.58
2.914.14
4.30

.120:
3.6
3.173.26
4.10
3.76
2.85
2.28
2.43
3-42
2.433.58
3.63
3-55

I X i - X f
0.48
0.12
0
O
0.11 *•
0.110.18
1.27
0
0.150.670.51
0.75 av.

.
' Jtl •••"" '

13.3
3.79o
o
2-933.86
7.89

52.26
0
6.1718.7214.05

21.1311.08£.

|l08Z00225l



From: J. C. Yang
12/9/76

GRACE
TABL5 2 ( c o n t i n u e d )

C o n s t r u c t i o n Produc t s Divi s ion

03630485

B) TV" Screen Viewing
a ) (Reference: T & A

S a m p l e
N o .

1
2
3
U
5
6...
7

8 ... .-. . - '*- • . 3
9

10
11
12
13

Operator 1
1.68
3.80
3.91
3.65
3.65
1.25
2.U6

I • : • . . . - ' • 3.26

2.13
3.28
2.28
1.39

Operator 2
2.6U
2.53
2.61
3.̂ 2
5.2k
3.19
2.28

••••• 2.61
3.23
1.67
U.20
3.9»f
1.77

MEAN

2.16
3.17
3-26
3-5^
h.ty
2.22
2.37I'L
1-90
3.7̂
3.11
1.58

I X i - X |
o.W
0.635
0.65
0.115
0.795
0.97
0.09

••.^0.325-" -•
0.19
0.23
oA6
0.83
0.19 •*»

j
22.22
20.06
19.9̂

3.25
17-87;
^3.62
3.80

5.56
12.10
12.23
26.69
12.03

av:

:|108Z00226| .-•



From: J. C. Y a n g12/9/76

GRACE
"EABLS 2 ( c o n t i n u e d )

C o n s t r u c t i o n P r o d u c t s Divi s i on

B) b) (Reference: TSA 49930) 03630486
S a m p l e

No.
1
3
4
5
6
7
8
9

10
11
12
18
19
20
21
22
23
24
25
26

Onerator 1
1.32
3-70
0.90
0.91
0.54
1.16
0.99
1.17
0.96
1.43
0.22

* OJ42
0.19
O.02
0.34
0.31
0.42
0.4o
0,15
0.28

Operator 2
1.64

- 3-49
0.77
1.00
0.54
1.42
1.16
1.15
1.03
1.18
0.33

.<• 0.54 :

0.25
0.05
0.24
0.26
0.36
0.38
0.20
0.28

MEAN
( X )
1.48
3-595
0.835
0.955
0.54
1.29
1.075
1.16
0.995
1-305
0.275

v : 0.48
0.22
0.035
0.029
0.285
0.39
0.39
0.175
0.28

I X i - X /
0.16
0.105
0.065
0.045
0
0.13
0.085
0.01
0.035
0.125
0.055
0.06 .
0.03
0.015
0.005
0.025
0.03 *
0.01
0.025
0

*
10.81
29.17
7-78
4.71
0

10.07
7.91
0.863.529.58

20.0
12.5,
13-64-
42.86
17-24
8.77
7.69
2.56

14.29
o

av: 11.205&
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F r o m : * J. C. Yang
12/9/76

C o n s t r u c t i o n P r o d u c t s DivisionGRACE TABL3 3

E F F E C T O H R E P R O D U C I B I L 1 T Y U S I N G T H E
S A M E E Q U I P M E N T A N D T H E S A M E OPERATOR

(Reference: T3=A >9930, Operator: J - F o l e y )
A ) Microscope Viewing

S a m p l e
N o .
1
3
I*
5
6
7

9
10
11

" l 2 " " ' "
18
19
20
21
22
23
2l*
25
26

Trial I
2.02
i*.95
1.26
i to4. . *T J

0.83
1.80
i U?j..̂ ^
i s*;a..././
0.75
1.51. • • ' • • • ' : -2fe-3#". - •0.27*
0.37
0.27o.oU
0.35
0.35
b 1*8W » * T W

0.26
0.17
0.20

Trial II.
. 1.58

5-32
1.30
1.00
0.81
1.53
1.1*6

• i coJ-'JJ
0.68 .
2.07

••• ••-9r>i • .f\ .01 •).-• • *;..-*:y.--JJL.^' --̂ v-
0.58
0.29
0.02
0.28
0.29
0.50
0.20
0.12
0.20

X
1.9
5.135
1.28
1.215
0.82
1.67
1.1*
1 SUX.^t

0.715
1.79

- >0.29 >'
O.U75
0.28
0.03
0.33
0.32
0.1*9
0.23
0.11*5
0.20

' f X i - X |
0.22
0.185
0.02
0.215
0.01
O.ll*
0.02
0.01
0.035
0.28
0.02 ^
0.105
0.01
0.01
0.05
0.03̂
0.09
0.03
0.025
0

i
11.583.601.56
17-70
1.22
8.38
1.39
0.65
i*. 90

15-61*
.6.9,
22.11

3.58
50.0
15.15

9-37
18.37
13. o»*
17.21*
0

av:

1 5 1 0 2 6 2 8
|108Z00228|. ,.,,,.,.-..,.



F r o m : J. C. Yang12/9/76

GRACE C o n s t r u c t i o n Product s D i v i s i o n

TABLS 3 (con ti nuad)

E F F E C T 0 ? F E P 3 0 D U C 1 B I L I T Y " U S I N G T H E
S A M E E Q U I P M E N T A H D T H E S A M E OPERATOR

(Reference: T&A. ^9930, Operator: J . F o l e y ) 03G30488
B) TV Screen Viewing

S a m p l e
H o .
1
3
1*
5
6
7
8
9

10
11
12
18
19
20
21
22
23
2lv
25
26

Trial I
1.32
3.70
0.90
0.91
0.5*t
1.16
0.99
1.17
0.96

• ' • • ' - . .IvlG**"-—
0.22
O.U2
0.19
O.O2
0.3k
0.31
o.Uo
0.̂ 0
0.15
0.28

Trial I I
1.73
5.27
0.73
1.18
0.76
1.1*6
1.16
1.63
0.83••-H".^.i,7f.v.&:
O.UO
0.50
0.29
O.02
0.28
0.20
0.36
0.28
0.12
0.33

X
1.52
It. 1*85
0.815
l.o!+5
0.65
1.31
1.075
1.1
0.895

It;, :l:.6 • : • " ' ' - •

0.31

o.U6
0.2̂
O.02
0.31
0.255
0.390.31*
0.135
0.305

/ X i - X I
0.20
0.785
0.088
0.135
0:11
0.15
0.085
0.07
0.065 "**

••^0.17- . .p^-? i ' . •
0.09
0.0̂0.05
0
0.03 *.
0.0550.03
0.06
0.015
0.025

tf%
13-16
17.50
10A52
12.92
16.93
11.̂ 5

7.91
; \ 6 V 3 ' 6

• <.~^.j^..7.26
1§.63,;,29.03
8.70
2.08

. o
9.68

21.57
7.69

17.65
11.11

8.20
av:

-.-..JI08Z00229| . .... ....,..,................... ,..... .
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From-: J. C. Y a n g
12/9/76

_^ . _̂ _. C o n s t r u c t i o n Produc t s D i v i s i o nv c T r v A C / h
TABLE k

SUMMARIZED RESULTS OF TABLES 1,2 & 3
03630489

V A R I A B L E S C O N S T A N T S 5 & V A R I A B I L I T Y Ave.

Viewing
Viewing
Viewing

Operator
Operator

Operator

equipment Operator
equipment Operator
equipment Operator

Viewing Equipment-Microscope
Viewing Equipment-Microscope

. , . . Viewing .Equipment - TV• -: .-.--• •:• • "i-,-;.'. ;• • ->.T|» . . ' . - . - . -

11.19
13.93
7.̂ 2

12.23
11.08

, *#..',

\
}

>->..yC -:,•„:- -

10.85

11.66

' ] ^ . 8 5Operator Viewing Equipment - TV 11.20

Repeats, view- Viewing Equipment, operator-Misc . 8.87
ing f i e l d s Viewing Equipment, operator - TV 12.06

Average Total Variab i l i ty

15102630
-• |108Z00230|-.-.,.,•.•• -.-,.-,••,.-•. •.;•;;;.:,.-..• -,-.• . .-- .



From:" J. C. Yang
12/9/76

GRACE C o n s t r u c t i o n P r o d u c t s Divi s ion

TABLE 5

S T A T I S T I C A L S T U D ! O F C O U N T I N G D A T A
OF LIB3Y SAMPLE AT CAMBRIDGE(average of 6 countings *) 03630490

S a m p l e
N o .
1
3
4
5
6
7
8
9

10
11
12
18
19
20
21
22
23
24
25
26

Mean
1.64

' 4.51
0.99
1.06
0.67
.1.45
1.19
1.24
0.88
1.03
0.31
0.49* '
0.24
0.03
0.29
0.28
0.42
0.30
0.15
0.25

Variance
0.05
0.63
0.06
0.06
0.05
0.02
0.05
0.05
0.06
0.02
0.47

' • • " • • • ' • " ' • -6.004 : •
0.006
0.003
0.0002
0.003
0.004
0.006
0.001
0.003

av: .075

Standard
Deviation

0.23
0.79
0.24
0.22
0.14
0.22
0.22

' 0.24
0.14
0.68
0.06
0.08
0.05
0.01
O.O6
0.05
0.06
0.08
0.03
0.05
0.18

StandardError of Arith . Mean
0.095
0.324
0.099
0.089
0.057
0.088
0.088
0.097
0.06
0.216
0.025
0.032 --^
0.021
0.005
0.023
0.021
.̂025
0.031"
0.012
0.021

.

*Reference ( T a b l e 1C, 2Bb, 3A and 3B)

|108Z00231|
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C o n s t r u c t i o n P r o d u c t s D i v i s i o n

TABL5 6
COMPARISON OF LIBKT COUNTING DATA 03630491.

W I T H C A M B R I D G E C O U N T I N G D A T A
(Reference: TSA 49930)

HES a m p l e No..
•1
3
4
5
6
7
8
9

10
11
12
33
19
20
21

. 22
23
24
25
26

Libby
3.85
8.43
2.07
2.5O
1.86
2.82
2.i;8
2.72
2.70
2.78
0.63JS~ -
0.47
0.76
0.78
1.59
0.93
0.69
1.20

-)f.Cambridge
1.64
4.51
0.99
1.06
0.67
1.45
1.19
1.24
0.88
1.03
0.31
0.49: 0̂ 24
0.03
0.29
0.20
O.42
0.30
0.15
0.25

2.75 :

5.93 5.37
1.62

- Ml

0.30
.The Cambridge data is the mean of 6 countings made by 2: operators, 3 on
TV and 3 °B microscope. The values -were d i f f e r e n t f rom those shown inT&AI U9930 in which samples 1, 3, k, 5 were average of U countings, andthe remainder were average of 2 values; subsequently, more countings weremade a f t e r the report was issued. A l s o , value for sample 1 in T&Ashould be 1.66 instead of 2.66 (written error).

j f j y . ' H E - Counting made b y H . Eschenbach
TFGS _ Counting made by F. G. S e r a f i n '

1 5 1 0 2 6 3 2 j
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GRACE Cons t ruc t i on P r o d u c t s D i v i s i o n

03630492
TO: H. C. Itaecker

H. A. Eschenbach
B. H. Locke
J. W. W o l t e r
E. L. 01iverio/CH> LibbyF i l e : 71-0̂ 6

DATE: December Ik, 1976
SUBJECT: Correction f or TSA ^9930

PROM: J. E. F o l e y
cc: J. C.

The correct f i b e r count for sample 10-4-76-1 should
be 1.66 (average value of 4 separate counts - namely,
1.32; 1.73; 2.02 and 1.58) instead of 2.66, a written error.

J E F : m l r

J. E. F o l e y

26 33
|108Z00233|



A D M I N I S T R A T I V E R E O O R M
H U M B S R :

r ' O R T E C H N I C A L S E R V I C E : GROUT: Z O N O L U T EA C T U A L C O S T : $25CX).00CONFIDENTIAL RETORTING DATE : May 26 , 1977

S U M M A R Y : 03627765
Three bags of standard MK-U product from plant locations in

Cali fornia from Los Ange l e s , Santa Ana, and Newark), and four MK-5samples ( from los A n g e l e s , Santa Ana, and Omaha) have been, examined
for their tremolite content.

All seven samples as received showed no detectable tremolite
f iber content by x-ray determinations (our detection limit fortremolite is 0.2$). However, the materials were f rac t i oned; glassf iber s were mostly retained on a +6 mesh screen, vermiculite wasf l o a t e d o f f ; most of the plaster of Paris was dissolved in water; and,GELD? f ibers and organic matter were burnt o f f . The concentratedf i n e s , collected on M i l l i p o r e f i l t e r of O . l f 5 / i , showed the presenceof trace amounts of tremolite f i b e r in two of the trace MK-U samples(Santa Ana and Newark). By pe trographic microscopic examination,this was estimated to be less than 0.015̂  of the total sample.

The concentrates were then submitted to Arthur D. L i t t l e , Inc. ,
for transmission and scanning electron microscopic analysis ( T E M andSEM), selected area electron d i f f r a c t i o n (SAED) and energy di spers ivex-ray analysis ( E D A X ) .

By these sophis t i cated and time-consuming instrumental analyses,the -amphibole f ibers were> pos i t ively id en t i f i ed and analyzed. On amass basis, it was found to be less than 0.006$ of the concentrates.
which corresponded to 1.7 ppm ( S a n t a A n a ) and h.1 ppm ( N e w a r k ) of
the total MbNOKOTE^ sample weight.

E X P E R I M E H T A L r
Concentration

The concentration procedure of MONOKOTE is shown in Figure 1.
The results are tabulated as f o l l o w s :

par t s per mill ion, or 0.00017$.

2 0 1 5 2 8 3 3
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HUMBSR: 9̂189
REQUEST F O R T S C f l K I C A L S E R V I C E : GROUP:_______ZONOLITSC O N F I D E N T I A L A C T U A L C O S T : $2500.00:RETORTING- PATS: May 2671977

' P e t r o g r a p h i c Micro s copi c Examination 0362*7*76*
Based on the characteristic re fract ive indices and optical properties ofvermiculite and tremolite f i b e r s , using the liquid immersion technique, atrace of tremolite vas found in the -50M +0.1*5^a portion of Santa Ana M K - k ,and ITewark MK-"t- samples.

Analysi s by Arthur D. L i t t l e , I n c .
Even though the original request made by R. H. Locke was on one MK-lj- andone MK-5 sample, we have dec ided to do several more since the product from,each plant looked and behaved .very d i f f e r e n t l y . The MK-U- from Newark was verydense and the vermiculite present was poorly expanded in comparison with theothers. Product from. Santa Ana was very bulky and the plaster of Paris pres-ent in the composition dissolved more readily than the others.

The two concentrated samples suspected to have tremolite f i b e r s were sub-mitted to Arthur D. L i t t l e for f i b er characterization and counting on transmis-
sion micrographs (Figure s 2 and 3). Each f i b er being counted was analyzed by
SAED (selected area electron d i f f r a c t i o n ) to determine the structure of thef iber. It was found that 25-i*-0$ of f i b er s did not yield an SAED pattern indi-
cating the f i b e r was amorphous, most ly organic and g la s s f i b er s . The breakdownof the f i b e r type s and amounts is l i s t ed in T a b l e 1.

Scanning electron micrographs were also taken on some of the f i b e r s . They
are-shown in Figure s k and 5, and energy dispers ive x-ray ' a n a l y s i s (EDAX) wasemployed to analyze the elements present in each f iber . The. results are shown
in T a b l e 2.

C O N C L U S I O N S a n d C O M M E N T S :
The conclusion reached by A. D. L i t t l e , I n c . was that the amphibole f i b e r

content, on a mass basis, corresponded to l e s s than 0.006j£ of the s u p p l i e d con-
centrated sample . Let t er f r o m Dr. E. Peters of ADL is attached. Computingthe amphibole content in the MONOKOTE sample s f r om S a n t a Ana and Newark, this
corresponds to less than 1.7 Ppm and ^.1 ppm, respect ively. The level of
t r e m o l i t e . f i b e r present was extremely low.

(P.
' • ' J j f i J L e C . Yang

J C Y : m l r
attachment

2 0 1 5 2 8 3 5
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REQUEST F O R T E C H N I C A L S E R V I C E : C O N F I D E N T I A L
N U M B E R : 1*9189
GROUP: Z O N O L I T E
A C T U A L C O S T : $2500.00 _______
REPORTING DATS: ' May 26, 1977

TABLE 1 - F i b e r analysis by TEM ( A . D . L i t t l e )

Fiber Observed
Total f i b er s observed

S a m p l e 22281-1 F i n e sF r a c t i o n f rom Santa Ana,
____MK-U Sample_____

Amphibole
Other Mineral (mos t ly gyp sum)
Ambiguous Mineral (with in su f-f i c i ent data for posi t ivei d en t i f i ca t i on)
Amorphous (organic, glas s f i b e r )

6
33.5

_26100̂

03627768
S a m p l e 22281-2 Fine sFrac t i on f r o m Newark,
____W.-K S a m p l e

35

22
-3SL.

TABTJH 2 - EDAX Microchemical Analys i s of F i b e r s
Observed by Scanning Electron Microscopy ( A . D . L i t t l e )

S a m p l e 22281-1
.Fiber 1 Figure 6a
F i b e r 2 - F i g u r e 6b
F i b e r 3 F i g u r e ka.
Fiber h Figure l f t>

Relative X-ray I n t e n s i t yong Medium Weak
S Mg

M g , C a , S F e , K
- . C a , S , S i

C a , F e K

Probable I.D.

amphibole or glass.
. gypsum ( ? )

amphibole or g la s s

Sample 22281-2
F i b e r ' 5 Figure 3 S , C . a , A l gypsum

|068ETX02092|



GRACE C o n s t r u c l i o n Produc t s Division

C H A E A C T E R I Z A T I O N A M D P R E P A R A T I O N
OF RESPJEABLE SIZED IHEMQLITE

F I B E R A N D V E R M I C U L I I E
F O R A I O M A L S T U D I E S

by: J u l i e C. Yang

Apri l 8, 1976

03627-777

2 0 1 5 2 8 4 5
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C A M B R I D G E 03627778

TO: H. C. Duecker DATE: A p r i l 8, 1976
F R O M : J u l i e C . Yang S U B J E C T : Characterizat ion and. Preparationof Respirable S i z e d Tremol i t e

CC: H. A. .Brown F i b e r and VermiculiteJ. W. W b l t e r ' f o r Anijnal S t u d i e s
H. A. Eschenbach
R i ' - H . LockeF i l e ; 71-0̂ 8 V

PURPOSE
The o b j e c t i v e s of this study are to f ind out the size distribution andconcentration of the respirable size f i b er s and vermiculite on the a-i-r f i l t e r 'collected by the the Industrial Hygiene. and Environmental H e a l t h group in thef i e l d , and to prepare the samples corresponding as closely as possible tothese air f i l t e r material, for animal studies.

A I R F I L T E R S T U D T
Several randomly collected air samples from Libby at f a i r l y long timeintervals were collected for f iber contents and submitted to Arthur D. Li t t l efor sizing and distribution studies.
Two samples were sent:

S a m p l e No. Co l l e c t ing T i m e , F i b e r Count ( O p t i c a l A o F i e l d s )
22260P-1 2^8 mins. O.l8 F i b e r / c c air
22260P-2 300 mins. 2.15 F i b e r / c c air
The results from Arthur D. L i t t l e are shown in T a b l e s 1 and 2, F i g -ures 1 - 3j and conclusions reached are summarized as f o l l o w s :

1) On the air f i l t e r the respirable sized vermiculites and tremolitef i b er s are roughly in 50-50$ ratio.
2) The respirable size tremoli te f i b e r s are .mostly les s than 10 microns(< 8$ >10>a s i z e ) , and the geometric mean length of the f i b e r s is

around 3 . 1 / x . ' -
?^ "he respirable size vermiculites are also les s than 10 11, having an \y;average size about 5 J&- , >f• ' / ?<•'U) The aspect ratio of the f i b e r s is in the range of 11 to 15 /u / N „
5) Computat ion shows that the f i b e r counting with SEM (scanning electron ^' .microscope)® 20,000 magaif icat ion. The total numbers of f i b e r s found J "̂"per unit area (1 cm^) is about seven times in number of the f i b er s ,found by optical microscope counting at kOO magni f i ca t i on .

|068EIX02102|
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T o : H . C . DueckerFrom: J. C. Yang H e : Animal S t u d i e s

April 9, 1976

S A M P L E P R E P A R A T I O N S 03627779
A f t e r we characterized what we have on the air f i l t e r , a t t emptsvere made to prepare both respirable sized vermiculite and tremolite f i b er sas c lo s e ly as pos s ib l e to those found on the air f i l t e r .
From previous research work (report on Libby Ore Evaluation - OreImpuri t i e s , 2 / 2 3 / ? 6 ) we have found that Libby #2. vermiculite product hasthe highest tremolite f i b e r content in the order of 5$ by weight. Sincethe sizes of #2 are f a i r l y and easily to be handpicked, it is used as astarting source for both tremolite and vermiculitc.

The tremolite f iber bundles picked out from Libb'y #2 are f a i r l y cleanand f r e e of rocks, greyish in color, s o f t , and sometimes waxy in touch. Theybroke down easily to f ine f i b r i l s when degraded , which looked extremelysimilar to those found on the f i l t e r or f l o a t i n g in air in the Libby opera-tion, which are quite d i f f e r e n t than the tremolite found in associated veinsin rock form; they are generally harder and harsher, most of which wereremoved in the f l o a t a t i o n process.
1^ Tremoli te Fiber

a) Cleaning
T r e m o l i t e f i b e r bundles were hand-picked from Libby #2 product, cleanedwith acetone and then d i s t i l l e d water. The bundles were then opened withWaring Blender for 2 minutes at high speed, f i l t e r e d and dried in the ovenat 1 0 5 ° C . for about four hours.

b ) _ M i l l i n g
.The oven-dried material was S p e c - m i l l e d in 0.5 g batch for a totalof ^5 seconds; but a f t e r each 10 seconds milling interval the miH wass t opp ed and the material r e r u f f l e d to avoid excessive packing.
The S p e c - m i ' l i e d samples were then chilled in dry. ice-acetone batch,chil l ing at-low temperature increases the br i t t l ene s s of the f iber s andmakes them easier to be pulverized. The chilled f i b e r s were subjec tedto a Wiley mill with a built-in 60 mesh screen, a mill which has beendesigned e spec ia l ly for mil 11 ng f i b e r s . The Wiley milling was repeatedanother three times. Between runs the material has to be chilled againthoroughly with dry ice.

c) S e r H mentation
,• 0.8 g of the W i l e y milled sample ( m o s t l y 2-k ja. in size, some up to30 ii with some bundles under light mi cro s c ope) was d i s p e r s e d in two l i tersof d i s t i l l e d water, allowed to stand for 20 minutes; then, decant thecloudy solution into 250 ml or 500 ml graduated cylinders which wereemployed as s edimentat ion columns, and dilute the solution to twice its

volume with d i s t i l l e d water. The solutions in each column were l igh t lystirred and allowed to s e t t l e for twenty minutes. The cloudy solution
was then f i l t e r e d by an HA type M L l i i p o r e f i l t e r of 0.̂ 5 ^u. .However,the f i l terate looked "extremely clear and showed some small partic le s underthe microscope.

P 6 8 E T X 0 2 1 Q 3 J



- 3 -
To: H. C. DueckerFrom: J.. C. Yang

He: Animal Stud i e sApril 9, 1976

03627780
The solid collected from the beaker and the column were recombinedand treated with another 2 liters of d i s t i l l ed water, poured into columnsand allowed to stand overnight. The cloudy solution was again decantedand f i l t e r ed through the Mil l ipore . Coarse solid remained at the bottom

of the column from the second sedimentation, was f i l t e r e d and saved forfuture retaining. The f ive f i b e r s collected on the top of the Mil l ipor ewere then examined by light microscope. It was found most of the parti-cles were around 2 pi, and a few long f ibers up to 20 ^i.
d) Cleaning and Resizing . •

The f inished crude product from s tep c -was redispersed in the orderof 2 g / l f liter d i s t i l l ed water, and allowed to stand in columns for overhalf an hour. The decanted cloudy solution (about twice as dense as solu-tion in s tep c..) was then f i l t e r e d through Millipore f i l t e r . The solidl e f t at the bottom of the column was di spersed again, ultrasonically, for2 minutes in UOQ ml vater. The nilky solution was then diluted to anotherIf l iters and allowed to s e t t l e in columns f o r - a f inal 20 minutes. Thef i n e s were collected on Mil l ipor e by f i l t e r i n g the decanted liquid, driedas examined by light microscope. The product has mostly 2/z in size, veryfew larger f iber s but a few up to 10 JOL. The solid remained from decanta-tion was again f i l t e r ed and saved for future remilling.

2)_ Vermiculite
a. Cleaning

The vermiculite p l a t l e t s were also hand-picked from Libby #2 product,cleaned in Soxhlet extractor with isopropyl alcohol, then acetone, andf i n a l l y water to remove all the trace of organic contaminants used in. thef l o t a t i o n process; then oven-dried at 105"C. for several hours.
b^ Mill ing

The oven-dried vermiculite was then chilled with acetone and dry-icemixture, Spec-mil led in 2 g batches for 10 minutes. At the end of 5 min-utes, the mill was s t opp ed and the material was r e r u f f l e d .
c. Screening

The milled sample was screened with 325 mesh screen. The -325 meshproduct showed the desirable respirable size. Most of the par t i c l e s were2 - If ;s. Some large p la t e s were about 10-15yU. The +325 mesh materialwas also co l l e c t ed and saved for fu ture remiliing.

20152848
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T o : . H. C. Duecker Re: Animal S t u d i e sFrom: J. C. Yang ' A p r i l 9, 1976

n~ r"^tj*]fil\3j Proportioning Uoo**
5 g of tremolite. and 5 £ of vermiculite, prepared f r om s t e p l) and2) re spec t ive ly, were c a r e f u l l y weighed out on a semimicro balance , and

then transferred to a k oz. size wide-mouth glas s bo t t l e in which somesilver wires were added to break up the powder surface when mixed on aroller mill. The mixing was carried out for about 16 hours. Because ofthe morphology and densi ty d i f f e r e n c e , it will be suggested to Dr. Smiththat when this sample is being used for animal s tudy, an apprec iab l equantity (such as 1 or 2 grams) is taken, then d i sp e r s ed in the salinemedium ultrasonically, prior to use. The purpose of doing this willeliminate the localized inhomogenity and selectiveness of a very small
sample.

I t - ) Characterization
The respirable-sized f i b e r s (2260P~k and 22250P-5) have been sentto A. D. L i t t l e for sizing and comparison with the f i b e r found on the airf i l t e r . The results are a l s o shown in T a b l e s 1 and 2, Figure s 7 and 8.Scanning electron micrographs of these materials are shown in Figure s 9 -

10.
Results from A. D. L i t t l e and our own microscopic sizing indicatedthat the respirable size f i b er s and vermiculite which we prepared arevery similar to those on the air f i l t e r . However, sample 22260P-^ is af i b e r sample of f iner size, extremely time-consuming to obtain in largequantities. We have then taken a d i f f e r e n t approach to obtain 22260P-5which is s l igh t ly coarser than 2226oP-^-. The two samples of 8 grams each

we have- submitted to Dr. W. S m i t h are:
1. 22260P-5 - respirable sized tremolite f i b e r
2. 22263P-2 - a mixture in 50-5O;J of respirable sized tremolite

f i b e r (22260P-5) and vermiculite (22263P-1)
The f i n a l characterization of sample s will be made by W a l t e r MeCrone

A s s o c i a t e s :
1. 22260P-5 re spirable sized tremoli t e f i b e r
2. 22263P-1 respirable sized vermiculite
3. 22263P-3 a saline suspension of 22265P-2 will be preparedr by W. Smith ' s group for animal s tudi e s .

20152849
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I -5 - . 'To; H. C. Duecker Re: Animal Stud i e s
From: J. C. Yang ' Apri l 9, 1976

036277825 ) S a m p l e Preparation f o r Animal I n j e c t i o n S t u d i e s
Dr. Smith's group has been preparing samples by d i sper s ing 2 g ofthe solid in UO ml 0.9 g saline solution in a ICX) ml Erlenmeyer f l a s k ,

then autoclaved for 15 minutes at 15 - 20 psi to s teril ize the material.A f t e r it was cooled o f f , the mixture was shaken by hand and drawn intoa syringe in 1 ml aliquot for inje c t ion.
By observing the preparations made with R. T. Vanderbilt sample( t a l c and tremolite mixture), solid se t t led very quickly in the salinesolution immediately a f t e r shaking. Employing such technique, I wouldexpect the animals got d i f f e r e n t doses of material depending on thetechnique of the operator and the rate of s e t t l ing at that s p e c i f i c time.In addit ion, the f ibers present may be in bundles or smaT 1 balls not f u l l yopened.

As a result, I have recommended the use of ultrasonic dispersion.The saline suspension af t er autoclaved should be subjected to a 1O minute .sonic dispersion. It has been demonstrated the respirable sized materialwas suspended quite uniformly for an hour or more without s e t t l ing. Incase of any f i b e r bal l s or bundles present, they will be f u l l y opened and
d i sp e r s ed , too.

Each p n i m a l will get 1 ml of the suspension which has 25 mg of thesolid theoretically.

J u l i e C. Yang
J C T t n u L r
attachments

P 6 8 E I X 0 2 1 0 6 ]



IABLE 1 . 0 3 6 2 T / 3 3

Range
No. 1

( T o t a l N o . )N ' Cum %—— * — /
<0.30.3-0.40.4-0.50.5-0.60.6-0.70.7-0.8.0.8-0.90.9-1.01.0-1.1' 1 . 1 - 1 . 21.2-1.31.3-1.41.4-1.5 .1.5-1.61.6-1.71.7-1.81.8-1.91.9-2.02.0-2.52.5-3.03.0-3.53.5-4.0.4.0-4.54.5-5.05.0-6.06.0-7.07.0-8.08.0-9.09. 0-10. 0=>10.0

2.6460721213001120203' 102• 102••4202

414.213232444749535460 .606061636767707075777781828285939696100

01. . - 1125403. 1
42514012416689213293311

0122481111. 14151820242428282830 .3346515865677779868991100

014353- 3473514450417138613444221

014.7121417"202729343538' 4 2 .46 .465050576876818285 .8892969799 .100

0• -o12. 0' . 3 ' .32. 7227-7512.6310123. 402562102

00-1335911. 18-." 20.2229354142.4450536375788282848995979898100
T o t a l 58 123 113 125

2 0 1 5 2 8 5 1

A r t h u r D Little inc
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TABLE 2

S a m p l e Ho .
Total Fiber s Counted

Arithmatic Means
Length ( ji )
Width. ( f. )
Average of Aspec t Ratio
Mass ( l C T 1 2 g )

Geometric Means
Length
S t d . Devia t ion/Avg. Length
W i d t h ( ; a ) .
Average of Aspe c t Ratio
Mass ( 10"12g)

F i b e r s / c m 2

F i b e r M a s s / c m 2 (10~? g)

WURZ DATA.

2226QP-1
57

2.59
0.26

15-85
0.5218

1.38
6.6
0.12

12.01
0.0571

52,660
27.5

FROM A. D.

22260P-2
123

U. 34
0.39

15.86
2.oU6^

3.H
3-5
0.27

11.U2
0.7162

295,^30
606.1+

L I T T L E

22260P-U
H3

2.76
O.lp

22.50
0.1925

1.97
2.U
0.12

16. lU?.
0.0880

22260P-5
125

2.79
0.24

13.39
O.U982

2.0?
2.0
0.20

10.36
0.258%

J . C . Y a n g V8/76 2 0 1 5 2 8 5 2
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FIGURE 9
SEM OF R E S P I R A B L E SIZE TREMOLITE

F I B E R PREPARED (22260P-^)
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S E M O F E E S P I R A B L E S I Z E T K E M 3 L I T E F I B E R
PREPARED A N D S U B M I T T E D T O J R . W . S M I T H

( 2 2 2 6 0 P - 5 )
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C A M B R I D G E 03627763

TO: J. W. Wol t er DATE: January 6, 1977
FROM: J u l i e C. Yang SUBJECT: Tremol i t e Content in LibbyV e r M c u l i t e Compos i t e s

CC: E. S. WoodR. L. Oliverio/Libby
H. C. DueckejP. W. EatonPile: 71-OU8

Recently we have determined the tremolite content in Libby #2composite for the e l e c tro s tat i c spray s tudies, and found tremolitewas in the range around 2.5$ which showed a remarkable decreaseover the #2 composite we had a year ago. The sample obtained in
December 1975 showed about 5$ tremolite (report on Libby Ore Evalua-
tion 2 / 2 3 / 7 6 ) .

If you would like to have the tremolite f i b er content ofcomposites of all sizes checked oc ca s ional ly , we would be glad todo it. The cost of f i b er determination for size 1 and 2 is about$8o.OO each, and for size 3> ^ and 5 is around $120 per sample.

3 U Y : m l r

2-0152831

P68ETX02087|



C O i i S T R U C T I O . 1
P R O D U C T S

D I V I S I O N

P A G E 1
R E Q U E S T F O R T E C H N I C A L S E R V I C E

A D M I N I S T R A T I V E R E C O R D
R E P O R T :
G R O U P :
D A T E :

69548
3 / 1 2 / 7 9

C H A R G E N O . ; 7 1 -
REQUESTOR: F u
M A R K E T I N G O R M A N U F A C T U R I N G A P P R O V A L S :

N A M E : H . f t * E s c h e n b a c h
A P P R O V E D : T

P R O B L E M T I T L E : E n v i r o n m e n t a l E v a l u a t i o n - A i r - F i b r o u s M a t e r i a l s a n dT r e m o l i t e C o n t e n t

S I G N I F I C A N C E : The e v a l u a t i o n o f w o r k p l a c e a i r on a p e r i o d i c b a s i s i s nece s saryt o c o m p l y w i t h t h e a i r s a m p l i n g s e c t i o n o f t h e O S H A A s b e s t o sS t a n d a r d .

S P E C I F I C O B J E C T I V E : D e t e r m i n e f i b e r count s f o r f i l t e r m e d i a a n d t r e m o l i t e o ft h e e x p a n d e d v e r . T i i c u l i t e a s s o c i a t e d w i t h t h e a i r s a m p l e s .

S U G G E S T E D A P P R O A C H : P h a s e c o n t r a s t m i c r o s c o p y a n d x-rays.

D E A D L I N E ( L a s t d a y i n f o r m a t i o n w i l l b e o f v a l u e ) : 2 weeks.

R o o f Deck J o b S i t eD E T A I L S O F P R O B L E M : P l e a s e e v a l u a t e P e r s o n n e l s a m p l e s f r o m ' . o n e S t a r E l e m e n t a r yS c h o o l / N e w B r a u n f e l s , T X :
L S - 1 t h r o u g h L S - 3 0
P r o d u c t s a n d ores i n v o l v e d : C o n c r e t e A g g r e g a t e - L i b b y £ 4
E n g i n e e r i n g s a m p l e s f r o m t h e same above:
L S E - 1 e n d L S E - 2
P r o d u c t s a n d ores i n v o l v e d : C o n c r e t e A g g r e g a t e - L i b b y £ 4

A C C E P T E D B Y R E S E A R C H D E P T . : D A T E :

cc•»•a-

A S S I G N E D T O : t , C ^ ^ L . ; / . < .
A D D I T I O N A L . " i ' E S : O r i g i n a l t o L i b r a r y - H . C . D u e c k e r , H . A . E s c h e n b a c h , F . V I . E a t o n ,J . W . W a l t e r , a n d B . R . W i l l i a i n s

[ 1 3 1 Z 0 2 1 7 2 ]



R E Q U E S T F O R T E C H N I C A L S E R V I C E T & A 69548
F O R D I S C U S S I O N G R O U P Z O N O L I T E B P O

C O S T $750
D A T E 3 / 1 6 / 7 9

S U M M A R Y :

T h i r t y - t w o a i r s a m p l e s f r o m L o n e S t a r E l e m e n t a r y S c h o o l i n N e w .
B r a u n f e l s , T e x a s , were e v a l u a t e d f o r t h e i r r e s p i r a b l e a s b e s t o s ' c o n t e n t ,
and t h e r e s u l t s a r e a t t a c h e d .

T h e e x p a n d e d v e r m i c u l i t e used i n t h i s s t u d y w a s a n a l y z e d f o r t h e
rock and t r e m o l i t e c ont ent . The r e s u l t s are:

Rock C o n t e n t
2.7 >d >1.0 1.06%

d >2.7 0.27%
T o t a l ...... 1.33%

A s b e s t o s F i b e r C o n t e n t 0.0092%

J u l i e C . Y a n g/

J C Y : t n l r

949

|!31Z02173l
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A D M I N I S T R A T I V E R E C O R D
r:

T O : H . C . Duecker
F R O M : O u l i e C . Y a n g

D A T E :

S U B J E C T :

cc.- F. W. E a t o n0. M. F a v o r i t eW . R . H a n l o n0. RaabR. E. S c h n e l d e rR. M. V l n i n g ______0. D. W a l c z y k F i l e : 70-711

N o v e m b e r 26, 1979
I m p r o v e m e n t i n F i b e r R e l e a s ew i t h Consumer P r o d u c t s -T e s t f o r U n i f o r m A p p l i c a t i o no f B i n d e r

C . T . H a l l o e dB. R. W i l l i a m sJ . W . W o l t e rE. S. W o o d V

A t t i c F i l l A I w i t h t h e s i l v e r - d o p e d b i n d e r , both hand a n d p l a n tsprayed were a n a l y z e d f o r t h e u n i f o r m i t y o f b i n d e r d i s t r i b u t i o n . The air-f i b e r count s o f th e s i m u l a t e d a t t i c t e s t r e s u l t s ar e a t t a c h e d f or com-p a r i s o n .
It i s d e m o n s t r a t e d that th e thorough s p r a y i n g c o n d i t i o n ( s u c h a sh a n d - s p r a y in t h i s c a s e ) can reduce the a i r - f i b e r counts to <0.1 f / m l , 8hours T W A . <•<The d i s t r i b u t i o n o f the s i l v e r ions showed that the hand-sprayedm a t e r i a l was f a i r l y even in a narrow range w i t h a low s t a n d a r d d e v i a t i o nwhereas the p l a n t - s p r a y e d mat e r ia l had a broad d i s t r i b u t i o n w i t h a s i g n i f i -cant p o r t i o n w i t h no c o a t i n g at a l l .

We have c o m p l e t e d t h e o b j e c t i v e A o u t l i n e d in H. C. D u e c k e r ' s memoto E. S. W o o d , 9 / 6 / 7 9 . It i s recommended to proceed w i t h O b j e c t i v e B, mod i-f y i n g the s p r a y i n g d e l i v e r y and other c o n d i t i o n s by the Proces s E n g i n e e r i n gg r o u p u s i n g th e s i l v e r - d o p e d b inder . D i s c u s s i o n s w i t h A. Stock«it w i l l b ecarried out to e s t a b l i s h a c r i t e r ia for the best u t i l i z a t i o n of our a n a l y t i -cal d a t a .

M A T E R I A L
I ) U n b o u n d A I ( L - l )

I I ) Bound A I - U s i n g pre s ent p l a n t s p r a y i n gprocedure (0.2 q t / C F S 0 . 5 q t . / C F )
I I I ) Bound A I - U s i n g best h a n d - s p r a y i n g(0.2 q t / C F & 0 . 5 q t / C F )

15103600

. |108Z01201|.. . .



03631446
T O : H . C . DueckerF R O M : J : C . Y a n g N o v e m b e r 2 6 , 1979P a g e 2

E X P E R I M E N T A L
T h e C M C b i n d e r w a s d o p e d w i t h a trace o f s i l v e r n i t r a t e , t h e n t h es i l v e r ions were ex t rac t ed f r o m t h e v e r m i c u l i t e s a m p l e s a f t e r a p p l i c a t i o nw i t h ho t 1% n i t r i c a c i d u s i n g a p r o c e d u r e d e v e l o p e d r e c e n t l y in the l a b o r a -tory ( J . C . Y a n g t o H . C . D u e c k e r , 1 0 / 1 8 / 7 9 ) .

T h e A g c o n c e n t r a t i o n w a s a n a l y z e d b y I C A P method ( I n d u c t i v e l yC o u p l e d A r g o n P l a s m a ) s p e c t r o s c o p y a t J a n - e l l - A s h , W a l t h a m , M a s s a c h u s e t t s .Data i s p r e s e n t e d i n F i g u r e 1 , t h e s t a t i s t i c a l a n a l y s i s chart . T h e a c tua la n a l y t i c a l r e s u l t s a r e a l s o a t t a c h e d .
The a i r - f i b e r counts o f th e s e s a m p l e s in s i m u l a t e d a t t i c test a tW e e d s p o r t are summarized in T a b l e 1.

S T A T I S T I C A L A N A L Y S I S
V e r m i c u l i t eBag N u m b e r E x t r a c t e d "S a m p l e N o . ( X Meanx I P 3 ) S t d . D e v i a t i o n( < T x 10 3 )

% S t d , D e v ' n .o f S a m p l e s<rX i t em

1 ) H a n d - s p r a y e d (0.2 q t / C F )
1234

1 - 67 - 1 21 3 - 4 243-484 9 - 5 4
A v e . ( e x c l u d i n g g r o u p 5 ) o fthe w h o l e series

38.042.733.632.8^10.2
35.2

5.76

10.9

0.1520.2480.3430.2950.765*
0.309

63066*

T o t a l : 48

C a l c u l a t e d t-value for #5 vs. T o t a l ( e x c l u d i n g #5) is 7.06.The t a b u l a t e d t - v a l u e for N = 48 (99.9% c o n f i d e n c e l i m i t s )i s 3.50. T h u s #5 i s s t a t i s t i c a l l y and s i g n i f i c a n t l y d i f f e r -ent than the rest of the g r o u p . It was thus d r o p p e d f r o ma l l t h e r emain ing c a l c u l a t i o n s .
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,t
T O : H . C . D u e c k c rF R O M : J . C . Y a n g

V e r m i c u l i t eB a g N u m b e r E x t r a c t e d "S a m p l e N o .
2 ) H a n d - s p r a y e d (0.5 q t / C F )

678910

5 5 - 6 061 -666 7 - 9 697-102103-108
A v e . o f the w h o l e series

T o t a l :

_ M e a n(X x 1 Q 3 )

61.264.870.162.072.8
67.9

S t d . D e v i a t i o n1 Q 3 )

10.910.910.518.620.6
T 3 7 T

03631447
N o v e m b e r 2 6 , 1979P a g e 3

% S t d . D e v ' n .o f S a m p l e s
_ I t e mX ( N )

.179.168.149.301.283
7192"

663066

54

3 ) P l a n t - s p r a y e d (0.2 q t / C F )
111213

201-230231-236237-242
Ave. o f the w h o l e series

T o t a l :

52.240.440.6
4876"

1.091.131.20
3066

42

4 } P l a n t - s p r a y e d (0.5 q t / C F )

Ave.

141516
243-272273-278279-284

of the t o t a l series
T o t a l

38.148.528.2
40.1

0.6360.920.758
0.686

3066

42

O B S E R V A T I O N S a n d C O M M E N T S
1. The hand- sprayed s a m p l e has Ag" concentrat ion ( i . e . , the b inder m a t e r i a l )u n i f o r m l y d i s t r i b u t e d throughout the who l e a s s e m b l a g e , w - i t h a narrow rangeof d i s t r i b u t i o n , and a low s t andard d e v i a t i o n .
2. The bound s a m p l e u s i n g the present p l a n t s p r a y i n g procedure showed a verywide d i s t r i b u t i o n of the b inder s , and a s tandard d e v i a t i o n 3-4 times ofthose hand-sprayed m a t e r i a l . A s i g n i f i c a n t p o r t i o n o f the p l a n t - s p r a y e ds a m p l e s at 0.2 qt/CF (11 out of 42) had no binder at a l l .
3. The a i r - f i b e r count r e s u l t s a l s o i n d i c a t e d the mater ia l w i th u n i f o r m l yd i s t r i b u t e d b inder ( i n t h i s case, h a n d - s p r a y e d ) gave lower f i b e r countsthan those of p l a n t - s p r a y e d m a t e r i a l . If the b inder was a p p l i e d at 0.5.qt/CF leve l w i t h good d i s t r i b u t i o n , the 8 hour TWA can be reduced to< ' 0 . 1 f / m l .

15103602
[108Z01203|



03631448
T O : H . C . O u e c k e r N o v e m b e r 2 6 1 9 7 9F R O M : J . C . Y a n g p a g e 4

C O N C L U S I O N a n d R E C O M M E N D A T I O N
1 . A l l t h e r e s u l t s i n d i c a t e d t h a t a u n i f o r m l y c oa t ed b i n d e r , around 0 . 5 q t / C F ,o n a t t i c i n s u l a t i o n c a n meet "zero"or<0.1 f / m l f i b e r count c r i t e r i a .

2. O b j e c t i v e A in your memo to E. S. W o o d , 9 / 6 / 7 9 , has been c o m p l e t e d .
3. It i s recommended to proceed i m m e d i a t e l y to O b j e c t i v e B, e v a l u a t i n g thes p r a y i n g v a r i a b l e s a s o u t l i n e d i n B l , u s i n g s i l v e r d o p e d b i n d e r . W e ' l lf o l l o w u p t h e t a s k s a s o u t l i n e d .

ft ' 'Vsc^l^
^ J u l i e C . Y a n g

J C Y r m l r
a t t a c h m e n t s

15103603
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T O : H . C . D u e c k e rF R O M : J . C . Y a n g

03631449
N o v e m b e r 2 6 , 1979

T A B L E 1
S U M M A R Y O F A I R - F I B E R C O U N T R E S U L T S

(based on 50 f i e l d s / s a m p l e e x c ep t as n o t e d )

S a m p l e D e s c r i p t i o n
1 ) U n b o u n d A I

Ave.

2 ) Bound A I , P l a n t - s p r a y e d0.2 q t / C F
A v e .

3 ) Bound A I , H a n d - s p r a y e d0-2

4 ) Bound A I , P l a n t - s p r a y e d0.5 q t / C F

F i b e r C o n c e n t r a t i o n f / m l( N u m b e r o f F i b e r s F o u n d )

Ave.

1 . 0 ( 4 )1.06 (4)0.14 ( 1 )

0.53 ( 2 )0.28 ( 1 )0.56 ( 2 )

0.27 ( 1 )

0.56 ( 2 )0.28 ( 1 )0.25 ( 1 )

0.75 ( 3 )0.53 ( 2 )0.28 (1)0.58

0.53 ( 2 )0.28 ( 1 )0.28 ( 1 )0.43

0.27 ( 1 )
0.27

0.28 ( 1 )0.28 ( 1 )0.25 ( 1 )

0.75 ( 3 )0.53 ( 2 )O J 4 ( 1 ) *

0.53 ( 2 )0.56 (2)0.14 ( 1 ) *

0.27 ( 1 )

.0.28 ( 1 )0.28 ( 1 )0.25 ( 1 )0.30

5 ) Bound A I , H a n d - s p r a y e do . 5 q t / C F Ave.
0.14 ( 1 ) *<0.07 (0)** <0.07 (0)** <0.07 (0)

<0.09

**
Counted f o r 1 0 0 f i e l d s
Counted f o r 2 0 0 f i e l d s

J C Y : n r l r 15103604
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F I G U R E 1
S i l v e r I o n D i s t r i b u t i o n s i n A t t i c I n s u l a t i o n S a m p l e s

03631450

. 1

00+

15

0

70 So 9«p* xio-*

15103605

I » I
-3° -yo BO y? fao /to /jo Uo Ho /fo
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A D M I N I S T R A T I V E R E C O R D

Arthur L) L i t t l e , InC ACORN PARK • CAMBRIDGE MASSACHUSETTS 02140 - c e i ? ) 864-57/0
A p r i l 5, 1977

0362776^
D r . J u l i e C . Y a n gManager, Research T e c h n o l o g i e sConstruct ion Product s D i v i s i o nW. R. Grace & Co.62 W h i t t e m o r e AvenueCambridge , Mass . 02140
Dear J u l i e : C76494

As we d i s cu s s ed d u r i n g your v i s i t on M a r c h 11, 1977, low m a g n i f i -cation transmiss ion electron microscope p h o t o g r a p h s have been obtainedfrom two repre s enta t ive grid pore o p e n i n g s of s a m p l e s 22281-1 and 22281-2to permit an e s t imate of the percentage of mass a t t r i b u t a b l e to f i b e r s ,in p a r t i c u l a r , a m p h i b o l e f i b e r s . A p r e v i o u s a n a l y s i s o f these s a m p l e s ,reported on J a n u a r y 24, 1977, i d e n t i f i e d the presence of f i b e r s , mostof which were mineral . T h e s e r e s u l t s can be summarized as f o l l o w s :
22281-1 22281-2

F i b e r s observed 104 54
Percent a m p h i b o l e 6 4
Percent other mineral 34 35( m o s t l y g y p s u m )
Percent ambiguous mineral 35 22
Percent amorphous ( o r g a n i c , 26 39g l a s s f i b e r )

As some of the a m b i g u o u s mineral c a t e g o r y may be a m p h i b o l e , it is p r u d e n tto e s t imate a maximum a m p h i b o l e f i b e r content of 10 percent. Due to as l i g h t l y larger f i b e r s i z e , the a m p h i b o l e f i b e r volume i s about 15 percentof the to tal f i b e r v o l u m e , which c orr e spond s to 1.6 x 1 0 ~ ' ^ cm^ per gr idpore o p e n i n g .<'
To e s t imate the r e l a t i v e amount of f i b r o u s material present in thes a m p l e s , l ow m a g n i f i c a t i o n TEM p h o t o g r a p h s were o b t a i n e d f r o m two repre-s e n t a t i v e pore o p e n i n g s o f bo th s a m p l e s . T h e s e were a s s e m b l e d i n t o

A T H E N S O a U S S f . L S C A R A C A S L O ' B O N = > * » ' 3 : - C - ~ • • . • : » 1 V J A M F.U-.C. •.;•:> "M^-iTO . V U : - : f , O r O N V . ' ' . ' j ; ' . J ; ; j

|068BTX02093|



Arthur D Litt le , Inc

A p r i l 5, 1977
-2-
„ , ,. o v 03627770D r . J u l i e C . Y a n gW. R. Grace & Co.

montage s , which covered entire pore o p e n i n g s . P a r t i c l e v o l u m e s p er poreo p e n i n g were c a l c u l a t e d for the two montages prepared for s a m p l e 22281-1A( e x h i b i t i n g t h e heavie s t p a r t i c l e l o a d i n g ) f r o m t h e p r o j e c t e d s u r f a c e areaand an estimated th icknes s of each p a r t i c l e , as f o l l o w s :
0.2ym - p a r t i c l e s showing electron beam pene t ra t i onover whol e area
0 . 5 j i m - p a r t i c l e s showing electron beam penetrat ionat edges
l-2ym - e l e c tron opaque p a r t i c l e s

From these e s t imat e s , th e ratio o f f i b e r volume t o to ta l p a r t i c l e vo lumewas e s t imated to be 0.04 percent (0.006 percent for a m p h i b o l e f i b e r s ) .For th e a s s u m p t i o n that th e d e n s i t i e s o f a l l p a r t i c l e s ar e e q u i v a l e n t ,the s e p e r c e n t a g e s a p p l y on a mass ba s i s , as w e l l .
From t h i s a n a l y s i s , v / e c o n c l u d e t ha t t h e a m p h i b o l e f i b e r c o n t e n t ,on a mass bas i s , corre sponds to l e s s than 0.006 -percent of the s u p p l i e ds a m p l e , wh i ch r epre s en t ed t h e i n s o l u b l e r e s idue f r a c t i o n o f a l e a c h e dMonoko t e s a m p l e . T h i s e s t imate s h o u l d be r e l i a b l e w i t h i n a f a c t o r o ftwo t imes .
P l e a s e contact me if you have any q u e s t i o n s .

V e r y t r u l y yours,

Edward T . P e t e r s

/ r d l

2 0 1 5 2 8 3 8

|068ETX02094|



FIGURE I - CONCENTRATION OF FUSES IN MOMDKOTsP
M O K O K O T E (200 g )

0362W1

p l a s t e r of Parissome f i b e r s & f i n e s

;er boil tosolubliae p l a s t e r

J . C . Y a n g r i a l r
5 / 2 6 / 7 7

repeated many time

total volume of
water "used= 10 l i t er s

110"C! oven dried overnight
5 0 0 ° C J overnight t o burn o f f t h e

j , OTcrair i r > i r m t ' . - h ^ ' r
Residue

organic matter

(submi t t ed t o A D L )

2 0 1 5 2 8 3 9
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A r t h u r D L i t t l ^ I n c

Figure i . } T r a n s m i s s i o n Elec tron I m a g e o f Fibrous1 P a r t i c l e s and C o r r e s p o n d i n g SAED P a t t e r n s ,
S a m p l e 22281-1; lO.OOOx.

2 0 1 5 2 8 4 0
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Arthur D Li t t l e ; Inc.

03627773

F i g u r e 3.\ Transmis s ion Elec tron Image of F i b r o u s
Part i c l e s and C o r r e s p o n d i n g SAED P a t t e r n ,
S a m p l e 22281-2; IC^OOOx.

20152841
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Arthur D Li t t l e ; Inc.

J
Figure 4--1 Scanning Electron Micrographs ofFibrou s P a r t i c l e s in S a m p l e 22281-1

a) 5500x, b) 5500x
2 0 1 5 2 8 4 2
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- Arthur D L i t t l e ; Inc.

03B2V775

Figure S I Scanning Electron Micrograph" of
' " . . . . a Fibrous Par t i c l e i n S a m p l e 22281-2,

5500x.

2 0 1 5 2 8 4 3
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Arthur D L i t t l e Inc.

F i g u r e 5) Scanning El e c t ronF i b r o u s P a r t i c l e s in S a m p l e Z Z Z B l - x .
a) 2400x, b) 110Ox

0362*7776

2 0 1 5 2 8 4 4
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C O N S T R U C T I O M
P R O D U C T S

OG020232

A D M I N I S T R A T I V E R E C O R D
I V I S I O N

R E Q J J 3 3 T F O R T E C H N I C A L S E R V I C E
PAGE 1

N U M B E R :
GROUP:
D A T E :

50077
V - / V - 7 7

February 22, 1977
.71-070

f . p i - _
C H A R G E N O . :
R E Q U E S T O R : __ _ _
M A R K E T I N G o r y A T i ' U F A C T U R I i J G A P P R O V A L :M A T - I E :

.T. W

APPROVED:

PROBLEM T I T L E : LIBBY BAG HOUSE DUST AI3A1Y3IS

SIGNIFICANCE: To i d e n t i f y the composi t ion of dust (mineral make-up), so. thatat tempts can be made in improvements for tremoli te f i b e r removal.

S P E C I F I C O B J E C T I V E :To determine percentages of tresiolite f i b e r in the dust samples ,
and percentage of vermiculite and rock in sample s -/fs. and #^, ifpo s s ib l e .

S U G G E S T E D A P P R O A C H :

DEADLIKH (Last d.ay information vill be of value):

DETAILS OF PROBLEM:
Four samples are submitted for analysis:

1) Dryer Baghouse Discharge
2) Dryer Cyclone Uhders
3) Screen Plant Baghouse (interne!} Discharge
U) Ho. U Product Scre en Pan F r a c t i o r .

ACCEPTED BY HESSARCK D E P T . :
ASSIGNED TO: T- ^

a i T E :

ADDITIONAL C O P I E S : Original t o Library.H . C . D u e e k e r , F . W . Eaton, J . W . W o l t e r , B . S . W o o i ,
?. . L .Ol ivar i o /Libby ^ C P D - T i A , F i l e 71-070

a T 41j *j j _ * i .*« 1 5 1 1 2 7 2 0
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P A J o 2
REQUEST F O R T E C H N I C A L S E R V I C E N U M B E R : 5007TG R O U P : Z O N O L I T E - O r eOG02G283 A C T U A L C O S T : j^OO.QO

S U M M A R Y : REPORTING DATS: March 3. 10-77

Four dust samples received frcm. Libby were analyzed for their tremolite -content.
Due to the high percentage of ver^iculite present in sample 2 (Dryercyclone under s) and sample U (#!<• product screen pan f r a c t i o n ) , the vermiculitewas s epara t ed by chemical expansion with 30j£ 1̂ 02 and f l o t a t i o n . The rock port ionwas then x-rayed for quantitative tremol i t e determination.
The Baghouse Discharge dus t s f r om Dryer and Screen Plant were found to beextremely f i n e and to have 15.5$ and 1̂ .2$ tremol i t e , r e spe c t iv e ly , which shouldbe di scarded rather than returned back into iThe concentrate. No a t t empt was madeto determine the other ingredients present.
The Dryer Cyclone Unders showed the presence of 91-5$ vermiculite, 7.82$ rock

and 0.68$ tremolite. T h i s material can be returned back into the concentrate. d ire c t ly .
The No. k Product Screen Pan f rac t i on showed a composition of 65.k% vermicu-l i t e , 31.0$ rock and 3.6$ tremolite. The recovery of the vermiculite f r om thisf r a c t i o n may be more d i f f i c u l t on account of the high rock and tremoli te f i b e rcontent. . '

C O N C L U S I O N S a n d C O M M E N T S :
See Summary.

E X P E R I M E N T A L :
1. S e p a r a t i o n

About 60 g of sample (#2, #4 o n l y ) was expanded with 100 ml of 30$for two days.
The expanded vermiculite was f l o a t e d off with water, co l l e c t ed on a f i l t e rand dried in an oven at 110"C. overnight.
The rock portion was also dr i ed , we ighed , and x-rayed:

S a m p l e ' I . D . N o . Des cr ip t i on $ V m .
22293-2 Dryer Cyclone Under 91.522293-1* #^ Product Screen Pan F r a c t i o n 65.14-

% Rock andT r e m o l i t e
8.5

2. X-Ray A n a l y s i s
All the determinations were made on the measurement of peak in t ens i ty at28= 10.55° (d = 8.38A")in t r i p l i c a t e with background corrections and calibration

curve.
S a m p l e N o . Dascrintion

22293-1 Dryer Baghouse Discharge
22293-2 Dryer Cyclone Under - Rock & T r e r c o l i t e Portion
22293-3 Screen Plant Baghouse Discharge
22293-4 #^ Product Scre en Pan F r a c t i o n - Rock andT r e m o l i t e Portion

All sample s were co l l e c t ed on January 26, 1977.

Tremol i te
15-580.68
Ik. 2

15112721
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F O R T E C H N I C A L S E R V I C E

3. Computa t i on of Mineral C o m p o s i t i o n s

N U M B E R :

S a m p l e N o .
22293-1
22293-2

22293-3
22293-1*

50077
GROUP: Z O t t O L I T S - O r e
A C T U A L C O S T : ;$300.00
REPORTING DATS: March 3 , 1977

Des cription.
Dryer Baghousa Discharge
Dryer Cyclone Unders

Scre en Plant Baghouse Discharge
#U Screen Product Pan F r a c t i o n

T r e m o l i t e 5.555
CVermi culite 91.%• J R o c k 7.82${ T r e m o l i t e 0.(" '

T r e m o l i t e l^-.i
rVeroicuLite 65. '1 Rock 31- </ T r e m o l i t e 3 - '

R e f : SV - 98172PJCY - 2229UPX-Ray Patterns - a,b,c,d

J C Y : m l r
J u l i e C. Yang

|134Z01713|



C A M B R I D G E

T O : K . S . Wood
FROM- J u l i e C . Y a n g . '
C C : H . C . DueckerH. A. EschenbachF . W . Eaton

W. R. HanlonR. M. ViningB. R. W i l l i a m sJ . W . W o l t e r

O A T E
S U E U E O :

A p r i l 19, 1977
T r e m o l i t e C o n t e n tin ZOHOLITEP Products

C. C. OuS . C . VaughanF i l e : 71-OU6 • c x - ' - f

O B J E C T I V E
The o b j e c t iv e of this study is to determine the/ tremolite content in allZONOLITE product s made of both Liboy and Kearney vermiculites. In a 1 ' e wcases, repet i t ious analyses were made for product used on j q b - s i t e s , sothat correlation can be made with the f ib er counting results.

M E T H O D
When tremolite is determined f rom the product as received, in most prod- / _
uctr. tremol i t e was not f ound by conventional analy t i ca l methods. The ^-trace amount can be determined only when intens ive concentration techniquesare employed. T r e m o l i t e determinations are then made f r o m the f r a c t i o n s byquantitative x-ray d i f f r a c t i o n analysi s and with the aid of p e t r o g r a p h i cmicroscopic examination.

1. T e r r a - L i t e Vermicu l i t e s , V q r x i t e ; Redi-Sarthr an*? I f e t r c - t ' i x g s
The schematic method of analysis and the result s have been reported inT&A. 5011° with limited d i s t r i bu t i on. T h e y are also r epor t ed here asshown in schemes 1, 2, and 3.

2. S c o t t T u r f Builder
The method of concentration was very s imilar to that of T e r r a - L i t e Vermicu-lite scheme #1, except in the water f l o t a t i o n s tep. A longer soaking periodwas needed to s o l u b i l i z e all the nutrients p r e s e n t , which was a p p r o x i m a t e l yof the - to ta l weight .

3 . Z I C , A t t i c F i l l , Masonry F i l l
Same concentration method as T e r r a - L i t e (scheme #1).

|123Z00542|



T o : E . S . W o o d
From: J . C . Y a n g
A p r i l 19, 1977

T r e m o l i t e Contentin ZONOLITE^ Product s
Page 2

k. MOKOKOTB
Analys i s of tremolite in MONOKOTE was the most d i f f i c u l t and time-consumingprocedure. The g la s s f i b e r s were screened o f f , p la s t e r of Paris was dis-solved in water about 50-100 times the weight, expanded vermiculite wasf l o a t e d o f f , and all the washings were combined, f i l t e r e d and dried. Thef i l t e r paper and the organic matter were then burnt o f f ; the remainingresidue was x-rayed for the tremolite analysis. Detailed separation andconcentration procedure is shown in scheme i P f .

5. ZONOLITE 3300
Separat ion and concentration techniques are similar to that of MQHOKQTE,but di lute acid (in KJl) was used to digest the Portland cement binderinstead of using large excess of water for solubil izing p la s t e r of Paris.The procedure is shown in scheme #5.

R E S U L T S -
A. Tremol i t e Content in ZONOLITE Products
Kearney

ID No. Product Descr ip t ion % Tremol i t e
1
2i j11

1718
20
21
2 3 ( 5 )26
27

ZIC K-1* Kearney
ZIC K - U / 5 B
Masonry F i l l K-k

MK-1* Kearney 3

Terra-Lite Kearney
Terra-Lite T . R .
Metro Mix 200 T . R .
Redi-Earth T . R .
Verxi te Carrier Grade #k,
Metro -Mix 300, T . R .
M e t r o - M i x 350, T . R .

(as r e c '
Kearney ( S t . L o u i s )

(as r e c '
(as r e c '

5.U66
1.605

<0.08

6̂0>
d) 0.398 ( d r i e d ) * Ml

0.083 (-co. 008)
d) 0.081 ( d r i e d ) 0.121
d) 0.156 ( d r i e d ) 0.259

Metro-Mixes and Redi-Earths ware computed both in as-received
basis and oven-dried basis since the product has substantial
amount of moisture.
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T o : E . S . Wood
F r o m : J. C. YangA p r i l 20, 1977

T r e m o l i t e Content
in ZONOLITE® Product s

Page 3

ID No^.
10

6

Product Descr ip t ion
MK-1* ( L - 3 ) West Chicago
M a s o n r y _ F i l l _ ( L U D - l 8 ) _ _ W e s t _ C h i c a g o

T r e m o l i t e
<0.10

O.OI
19 Terra-Lite , W. Chicago_25_____^Att i c_Fil l__(L ; : 2)__W i Chica | o_
28 Redi-Earth (L) Santa AnalU Redi-Earth (L) W. Chicago

0.035________.013_
( a s r e c ' d ) .031

<0.02
( d r i e d ) .051

15 Metro-Mix 2OO (L) W. Chicago (as r e c ' d ) D . 0 3 ^12 Zonol i t e 3300 ( L - 3 ) W. Chicago3 Concrete Aggrega t e ( L t o - l 8 ) W . _ C h i c a g o
16 S c o t t T u r f Builder (L) Dark_ 2 2 _ _ _ _ _ ^ S c o t t _ T u r f _ B u i l d e r _ _ ( L ) _ L i g h t _ _ _ _ _ _ _ _ _ _ _ _ _ J f 9 i 9 ° 9

B. T r e m o l i t e Content in Zonol i t e J o b - s i t e S a m p l e s
ID No.

8
9

28
51
5U
5558
57

Product Descr ip t ion
ZK Roof Deck (K b/5 B)

Location

Masonry F i l l ( K - 3 )
Redi-Earth ( L - U )
Monokote-5 ( L - 3 )Masonry F i l l (K.-k)Z I C ( K - U )
Masonry F i l l ( L - 3 )Monokote-U ( L - 3 )

i Montgomery, Ala.
Columbus, Ohio
Fores t Service, Santa AnaSan Diego
W . P a l m Beach, F l a .Edison H . S . , Miami, F l a .

Mashburn & Coe B l d g . , Oklahoma
H y i t t Regeicy,

oven-dried basis

T r e m o l i t e

(.051)

DISCUSSION and COMMENTS
1. Some of the Kearney p r o d u c t s showed high "tremolite" content since x-ray d i f -

f r a c t i o n method cannot d i s t ingu i sh massive tremoli te ( H o r n b l e n d e ? ) and f ibrous
tremol i t e . M i c r o s c o p i c a l l y , most of the Kearney material showed trace orabsence of f i b e r s .

2. T r e m o l i t e f i b e r s can be reduced if a screened vermiculite is used such as in
verxite. We have observed that most of the f i b e r s are concentrated in the
f i n e s .
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To: E. S. Wood T r e m o l i t e Content
F r o m : J. C. Yang in ZONOLITE, Products
A p r i l 20, 1977 Page h

3. The percentage of tremolite in several samples was expressed in less thana certain value which indicated that tremolite f i b e r was not detected byour x-ray method. The limit of detection for treia>l±te by x-ray d i f f r a c -
tion technique is about 0.2$;. When concentration fac tor s were taken intoconsideration, the po s s ib l e ' m a x i m u m tremolite content in each sample was
indicated in the analyses.

4. Most of the Monokote showed tmdetec tab l e tremolite content except #57» an.MK-1* product used at Hyatt Regency in Dallas, which showed a O,2^f> tremo-
l i t e ; the value has been double checked and is real.

J C Y : m l r
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1 . S C H E M A T I C D I A G R A M S F O R T R E M O L I T E A N A L Y S I S

1. T r e m o l l t e Determinat ions in. T e r r a - L i t e V e r m i c u l i b e
Terra-Li t e Vermicu l i t e (igO g )

water f l o t a t i o n

VerMcul i t e
overnight oven dried

at 110?C

weighed

x-rayed in
t r ip l i ca t e

T r e m o l i t e content

heavy par t i c l e s
overnight oven dried

at 1 1 0 ° C

weighed
«x-rayed in

t r i p l i c a t e
Tremol i t e content

suai

T o t a l T r e m o l i t e

J u l i e C. Yang
A p r i l 19, 1977
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2. T r e m o l i t e Determinat ion in R e d i - E a r t h

Redi-Earth (350 g )
overnight oven dried at 1 1 0 ° C

compute the moisture content

overnight

water

in furnace at 5 0 0 ° C (to burn off the
organic m a t t e r )

to so lubi l ize the nutrient

water f l o t a t i o n

heavy p a r t i c l e s
proceed as

procedure

T o t a l T r e c a o l i t e

J u l i e C . Y a n g
|123Z00547|



3. T r e m o l i t e Determinations in Metro M i x _
Metro-Mix Sampl e (UOO g).

overnight! *V oven dried at 100° C
Moisture Content DeterminationI J

overnight^Ln furnace at 500° C (burn o f f . . p e a t moss,-I pine bark, .etc.)water <|-to solublize the nutrient
fwater f l o t a t i o n

V p r m i c i i l i t e & Perlite

overnight

^

^

>
T r e

roven-dried110° C

[ ^
pea gravel

J- heavv paTt'.'l r»les ( T V A m o l •? +o )
20 mesh screen

f i n e mineral dusts .
s and , f sand, -

coarse mineral + heavy part i c l e s
weighed par t i c l e s

f overnight j oven-dried overnight loven driedV 110" C *• 110° C
1 weighed I weighed

x-rayed J -x-rayed < x-rayed
molite Tremol i t e Tremo l i t econtent content x̂̂ ** content

f a c t o r e d f a c t o r e d

sumT o t a l ' T r e m o l i t e
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U . T R E M O L I T E D E T E R M I N A T I O N I N M D H O X O T B

MOHOKOTE (200 g)

- 20M

hand pick

glas s f i b e r Vm & some f in e s

plas t er of Parissome short f i b e r s & f in e s

•Water

water

f i l t er ed t ' -dried & vepLghedv

f i l t r a t i o n

boil to so lubi l izeplas t er ;

repeated many time
total . v d l u n e _ p f _water used = -:10 liters

oven-dried : overnight

S O O ° C overn5.ght t o burn o f f t h eorganic matter
Residue

0.5N H C 1 ,
;estion

Vm & l ight f i n e s rock & f i b e r
f i l t e r e d

^
dried & weighed

f i l t e r e d
dried
weighed

x-rayed( i n t r i p l i c a t e )

ju l i e C. Yang
f l T v r i l 1 Q . 1 Q V T

T R E M O L I T E C O N T E N T
I 1 2 3 Z 0 0 5 4 9 ]



5. TREMOLITS DETERMIHATION IN ZOfTOLITE 3300

250 mlin HC1

Water wash

Z O N ' O L I T E 3300 (200 g ), j
Screening

- 20M

p la s t e r , Vm.
rock and f i b e r

I 560 ml acid
in HC1 digestion

Water f l o t a t i o n

f i l t e r e d , dried& weighed1
Vm. & gel(s i l i c eou smat er ia l)

Tieavy f ine s

1 1 0 ° C overnight

in t r ip l i ca t e

f i l t e r e d

dried

weighed

x-rayed

J u l i e C . Y a n g
A p r i l 19, 1977

T R E M O L I T E C O N T E N T
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A D M I N I S T R A T I V E R E C O R D
C O N F I D E N T I A L

C A M B R I D G E

TO: E. S. Wood
F R O M : J . C . Yang \
cc: R. M. Vining

D A T E :

S U B J E C T ;
H. C. Duecker

B. R. Wil l i ams H. A. EschenbachJ . W . W o l t e rW. R. HanlonD. M. Kirven
R. C. EricsonR. H. LockeF i l e : T\

B. A. Ble s s ing t on
C. C. Ou
F . W . Eaton0. M. Eavorito
S. C. Vaughaa

May 16, 1977
T r e r a o l i t e & Vermicul i t e Content
in Libby & Kearney Ore Depo s i t s

and Expanded Vermiculites

-ti r.
4.
5.

O B J E C T I V E
The ob jec t ive of this study is to determine the vermiculite and train-oil te content in ore concentrate and expanded vermiculite from the Libbyand Kearney m i l l s . A sample of the head f e ed f rom the Libby mills, from

which all the Libby ore samples were derived, is also analyzed as a checkfor the e f f e c t i v e n e s s in f i b e r removal of the Libby operation.
The samples analyzed below are single samples of concentrate or ex-panded produc t , selected at random. We do not know how accurately these

sample s represent the average with respect to tre inol i t e (or amphibole mrfcn- 1

eral) content. Further sampl ing will be required to better e s tab l i sh moretypical or average values.
The reported t r emo l i t e content cay include other amphibole minerals ,part i cu lar ly Iiornb l enc l e , wliich oa^uiot b^ d i s t ingu i shed f r o m tremoli te .

7

S A M P L E D E S C R I P T I O N
All the analyses made in th i s report were s ing l e sample analyses .

F r o m the materials submitted in 5-10 I'o. quanti t ie s , they were quarteredvery c a r e f u l l y and r epea t ed ly until the des ired sample sizes (200-300
grams) were obtained, which were expected to be f a i r l y representative.
However, the range of variations in f i e l d s a m p l i n g and in the g eo l og i ca lf ormat i on s were not e s t a b l i s h e d , so that the r e su l t s observed may only
indicate a ba l lpark f i g u r e with ±10̂  of accuracy.
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T o : E . S . W o o dFrom: J . C . Y a n g
Date: May l6, 1977

Treraol i t e & Vermicul i t e Content
in Libby & Kearney Ore Depos i t sand Expanded Vermicul i t e s

I D N o . Descript ion Date and Source
99952-31 Ore Concentrate L-l99952-32 Ore Concentrate . L-299952-33 Ore Concentrate L-399952-3^ Ore Concentrated L-lf
99952-35 • Ore Concentrate L-5
99952-36 Ore Concentrate K-399952-37 Ore Concentrate- K-b99952-38 Ore Concentrate: -K-5
99952-39 Expanded Vermiculite L-l99952-UO Expanded Vermiculite L-2
99952-U8 Expanded Vermiculite L-3( T e r r a - L i t e )
99952-ln Expanded Vermiculite K-399952-te Expanded Vermiculite K-k
99952-^3 Expanded Vermiculi te K-5
99952-lt6 Libby Head F e e d - a composi te6f 3 s h i f t s

3/10/77 - R- L. Oliverio

3/1/77 - E. D. Lovick

3/7/77 - O. F. Stewart

3/21/77 - F. W. Eaton
3/9/77 - F. W. Eaton

3 / 3 / 7 7 . - 0. F. Stewart

3/9/77 - R. L. Oliverio

M E T H O D
1. Tremol i t e Analysis of Libby #1 and #2 Concentrate:

S i n c e the f i b e r bundles and the rock aggregate s are unusually large, tremo
li t e f i b e r bundles and rocks were f i r s t s eparated by hand-picking of acar e fu l ly quartered sample. The Vermicul i t e was then separated f r o m therock by screening. Rocks and f i n e s in the -5O mesh f rac t i on were x-rayedfor quantitative determination of tremolite. The total t r emol i t e wasobtained as the sum of fac tored portions from hand-picked and the f ineportions. The scheme of analysis is shown in Figure 1.

2. T r e m o l i t e Analys i s of #3 Ore Concentrate:
The concentration of rock f in e s and tremolite f i b e r fract ions are shown inFigure 2. Vermiculite was separated by chemical e x f o l i a t i o n with 30$
f o l l o w e d by water f l o t a t i o n .
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- 3 -
To: E . S . W o o d Tremol i t e & Vermiculite ContentFrom: J . C . Y a n g in Libby & Kearney Ore Deposi t sDate: May l6, 1977 and Expanded Vermiculites

3. T r e m o l i t e Analys i s of #lf and #5 Ore Concentrate:
A set of f iner screens than the ones used in analyzing #3 ore was selectedfor this separation. A diagram of the procedure is shown in Figure 3.

U. Tremolite Analysis of Expanded Vermiculite (size #2 to #5)
The expanded vermiculites are easier to work with since they were expandedalready and the percentage of rocks and f ine s were lower than those of thecorresponding ore concentrates.
The procedure for analyses is shown in Figure s If and 5> respectively.

5. Tremolite Analysis of the Head F e e d :
The head f e ed sample from the libby mill vas obtained one day before theore composite collection from the screening plant , and is the starting:material from which the ore composites were obtained. The analysis wasmore complicated than the others since the size varied over a wide range
and the non-vermiculite portion was very high. The tremolite concentrationprocedure is shown in Figure 6.

6. Vermiculite Analys i s of Ore Concentrates:
To cross-check the Vermiculite analysis from the scheme shown in Figure s2 and 3, for ore composites #3 and #5, a 100 g ore sample was taken andexpanded in a furnace for 5 minutes at 1 5 0 0 ° F . , then allowed to cool atambient conditions for h a l f an hour. In general, a weight loss of aboutT% resulted from heat expansion. By previous experience, a higher Vermicu-l i te yield w i l l result from chemical expansion since some of the poorlyweathered Vermiculite will not readily respond to heat expansion but will
expand in H g O g - The complete analyses of the Libby and Kearney vermicu-l i te s are shown in T a b l e s 1 and 2.

7. Evaluation of F i n e F i b e r Content:
^ In Tabl e 1; a breakdown of the tremolite f i b e r in ore concentrate by size

j .,, fract ion is also shown. The f ine s (-5OM for size L-l to L-3; -100M for
~^ ' ^ ~ > size L-k and L - 5 ) can be considered to be the mayimum l i m i t of the res-_K / pirable f i b e r portion (provided no fur th er vigorous mechanical degradation.̂ t̂-.v. of the material takes place in handl ing).

,-~ ' ) We have also hand-picked the f i b e r bundles f rom two L-2 ore concentrate v)sample s and run them through the air-elutriation column built in the lab- (\)
( oratory. We then col lec ted the airborna par t i cu la t e through a series of L

screens and then on a wet f i l t e r under vacuum. The screens used were graded ^
. to eliminate the blockage of the f i l t e r by large dust aggregates and longf i b e r s . T h i s experiment indicated the f i b e r bundles were f a i r l y s table . At
the end of 30 minutes of the air e lu tr ia t i on, the results are as f o l l o w s :

_____
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T o : E . S . W o o d T r e m o l i t e & Vermicu l i t e Cont en tFrom: J . C . Y a n g in Libby & Kearney Ore D e p o s i t s
Date: May 16, 1977 and Expanded V e r m i c u l i t e s

% wt. on % wt. on R e s p i r a b l e
____Sample Description_____ 325 mesh screen wet f i l t e r Dusb
T r e m o l i t e , hand-picked from

S L - 2 O.29 0.05
T r e m o l i t e , hand-picked from

CL-2 0.21 O.OU

Observation: most ly f i b e r f i b e r and
some larger vermiculite
than 3 0 J & dust

The f in e sized dust content average for the two samples was approximately0.3$, corresponding to .0076$ of the total sample. T h u s , it is concluded that
the amount of respirable size tremoli te f i b e r present in the L-2 ore composite \must be less than 0.01$. ^

No at t empt was made to determine the r e sp irab l e size f i b e r content from the_ , ^
Kearney ore since most of the Kearney treaoli te is massive and d i f f i c u l t to be T ,
di s t ingu i shed from hornblendes present. l^v < ^

In the expanded product , the tremolite f i b e r contents found in the Libby '
vermiculites as shown in T a b l e 2 were prinarily f i n e sized. Very few small-"
bundles were observed which demonstrates the e f f e c t i v e n e s s of f i b e r removal
by the stoner.

C O M M E N T S
1. The tremolite ' c o n t e n t of L-l and L-2 were reduced to about ha l f the amount

of those analyzed in 1976 (see Research Report on Libby Ore Evaluation -
J. C. Yang to H. C. Duecker, 2 / 2 3 / 7 6 ) . The tremol i t e content of L-3 andL-U has apparent ly not improved since early 1976, However, the vermicu-l i te p l a t l e t s were much cleaner p r e s e n t l y with le s s dust p a r t i c l e s adheredto the surface than those of 1976.

2. T h i s is the f i r s t time that Kearney ores and expanded veraiculites of all
sizes ' w e r e analyzed for their t o ta l tremoli te content by the x-ray d i f f r a c -
tion method. U n f o r t u n a t e l y , the x-ray d i f f r a c t i o n pa t t erns of the f i brous
and massive forms of tremol i t e are ident ical and in f a c t cannot be d i s t in- . ,
guished from other amphibole minerals, par t i cu lar ly hornblende. More J ' * " 1

s o p h i s t i c a t e d analytical me thod s using e l e c t r o n - T i i c r o s c o p i c techniques and
related structural and e l ementa l analysis such as TEM, SEM, S A £ D and 3DAX •/
are needed to p i n p o i n t the exact nature of the araphibole minerals pre s ent .
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T o : E .S.WoodFrom: J.C .YangDate: May 16, 1977

Tremol i t e & Vermiculite Contentin Libby & Kearney Ore Depositsand Expanded Vermiculite

The f ine size (and po t ent ia l ly respirable s i z e) tremolite f iber contents inthe Libby ore composites were very low (in the order of 0.0l£) for L-2 oreconcentrate. F i b e r bundles usually remain intact under normal operations :and are concentrated in the stoner. Some of the s m a l l , f ibers present be-tween vermiculite plate s may be loosened during the e x p a n d i n g operation,the amount yet to be determined. Another poss ible source of respirablesize f ibers in expanded product is the breakdown of f iber bundles duringheat expansion. T h i s will be investigated shortly. .When gi i- the sourcesare id en t i f i ed and the approximate amounts become known, a.method for moree f f e c t i v e removal or reduction can be sought with some confidence.

/" "• t> f-^ * /
X T u l i e C. Yang

J C Y t m l r
attachments

t-<
t- ' "('

• o*

^ ^

,-V
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T o : E.S.Wood
From: J.C .YangDate: May 16, 1977

T r e m o l i t e & Vermiculi te Contentin Libby & Kearney Ore Depos i t sand Expanded Vermiculite

-38

-U6

TABLE 1
T r e m o l i t e Content of Ore Concentrate

ID No. Description
-31 L-1

-32 L-2

-33 L-3

-3k L-4

-35 L-5

-36 K-3

-37 K-U

Date 1, Vm,

3/10/77 91.7

3/10/77 91.2

3/10/77 78.1

3/1/77 70.1

3/1/77 63.9

3/1/77 72.0

3/1/77 75.1

it Tremol i t e
(+50M)(-50M)

(+50M)(-50M)

(+50M)
(-50M)

(+70M)
(-70 4-100M)(-100M)

(+70M)
(-70 +100M)

( + 5 0 M )
( - 5 0 M )
(+70M)

1.2.005

2.5..018
.653.013

1.̂ 95.232.009
.1191,016

1.913
1.60.158
8.903

% TotalTremolite*

1.2

g.5

0.7

•1.7

3.Q
i -

1.8

K-5

Head F e e d ,Libby

(-70 +100M)
(-100M) .U92

3/1/77 76.6 (+70M)
(-70-+100M) 2.070

(-100M) 13. 031*-

3/9/77 7.0„** ( + 6 M )
(-6 +20M)

(-20 +70M)
(-70M)

1.302
1.235.609

10.0

Includes al l amphibole minerals.
The material f l o a t e d a f t e r expanded with 30$
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T o : E . S . W o o d
From: J . C . Y a n s
Date: May 16, 1977

T r e m o l i t a & Vermicul i t e C o n t s n h
in Libby & Kearney Ore D e p o s i t s

and E x p a n d e d V e r m i c u l i t e

TABLE 2

I D ' N O .
99952-39
99952-to
99952-U8

99952-Ul

99952-1*2

99952-U3

Tremol i t e

Descript ion
L-l

L-2

L-3

K-3

K-U

K-5

Content of Exoanded

Date
Collec t ed

3/13/77

3/18/77

3/9/77

3/3/77

3 / 3 / 7 7

3 / 3 / 7 7

V e r m i c T l l i t e

Vermicx l l i t e

97-7

97-1

97.7

91.0

79- ^

U8.7

T r e r a o l i ' c e
O.O7U

0.028

o.oi+9
1.6*

• 7r9*
in t e r f e r enc s

Include s all aaphibole minerals.
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GRAGE
T o : W . R . H a n l o n
From: F. W. Eaton

cc: M. D i B e n e d i c t i sH . C . Duecker. J . W . W o V t e rI E. S.^WoodJ . ^ Y a n g "

Date:

Compac t ion Products C i v i l i a n

F e b r u a r y 14. 1979
S u b j e c t : S i m s Landmark F e r t i l i z e r -A i r S a m p l i n g R e s u l t sR e f : F W E ' t o " M . D i B . memodated 2 / 1 4 / 7 9

03630739

One t h i n g to be l earned from s a m p l i n g Landmark F e r t i l i z e r is that itis i m p o s s i b l e to p r e - j u d g e the working environment and p r e d i c t user exposureto t r eroo l i t e f i b e r s . Based on an i n i t i a l survey of Landmark J a n u a r y 9. 1979,it was my o p i n i o n that with minor changes to the i n s t a l l e d dust c o l l e c t i n gsystem, f i b e r exposures would be l e s s than the OSHA L i m i t s . S i n c e E. S. Wood sA p r i l 13, 1978 G u i d e l i n e s require exposure s l e s s than 2.0 and 10.0 f i b e r s / c cwi thou t E n g i n e e r i n g c o n t r o l s , Landmark was s a m p l e d J a n u a r y 18, 1979.
The f i r s t air s a m p l e s were taken on two men charging a p p r o x i m a t e l y 80bags of L-4 into the charging enclosure with the dust c o l l e c t i n g system o f f .Oust generated dur ing thi s operat ion was excessive and the p l a n t manager. LamarSteero. in s i s t ed that the dust c o l l e c t i n g systems be turned on for the, remainderof all s a m p l i n g . As can be seen from the attached air s a m p l i n g recortl sheetand TWA c a l c u l a t i o n s , the two iny> c h a r g i n g y p r m i r n l ' j t p exceeded OSHA TWA andceil 1 no TLVls. It shou ld be po in t ed out that on sample s L-l & 2 and L - 1 0 & 11,"the men were charging vermicu l i t e at the s ide of the hopper enclosure. OnS a m p l e L - l 6 & 17, both men were i n s i d e the h o p p e r enclosure with the dust p i c k -up p o i n t a t th e ir back. T h e s e t e s t s a l s o i n d i c a t e c o n s i d e r a b l e f i b e r exposurein h a n d l i n g empty bags from the c h a r g i n g s ta t ion to and into the waste p a p e rbai ler . •*•

In l i g h t o f E. S. W o o d s memo F e b r u a r y 2, 1979 concerning l i g h t w e i g h tf e r t i l i z e r u se o f L 1 b b y der ived v e r m i c u l i t e , you s h o u l d adv i s e M. D i B e n e d i c t i so f the p o s s i b l e o p t i o n s b e f or e s u b m i t t i n g these r e su l t s to Landmark.
The f o l l o w i n g 1s general i n f o r m a t i o n on S i m s Landmark for the record.Landmark 1 s p r i m a r i l y a f i e l d ( h e a v y ) f e r t i l i z e r produc e r1n and for Ohio.The S1ms f a c i l i t y i s L a n d m a r k ' s o n l y ammonia t ed f e r t i l i z e r p l a n t bu t there ar eseveral other dry b l end and seed p l a n t s in the state. Equipment and processf l o w at th i s f a c i l i t y is very s i m i l a r to the a m m o n i a ' t e d f e r t i l i z e r processat A g w a y / B i g F l a t s Hew York. The main d i f f e r e n c e i s that th i s f a c i l i t y i smuch newer and there are three I n s t a l l e d dus t control systems with p i c k upp o i n t s provided a t most a l l d u m p . a n d t r a n s f e r po in t s . All control devicesare baghouses. Lawn f e r t i l i z e r i s - h a n d l e d by the Farm S u p p l y Divi s i on ofLandmark and prior to being manufactured at the Sins F a c i l i t y , was privatel a b e l e d by a producer in PA. According to 'Lamar Steen Plant Manager, . l i g h t -weight f e r t i l i z e r and p e s t i c i d e s represent a very small port ion of S1msLandmark T o t a l Produc t i on . 1979 p r o d u c t i o n forecast is 620 tons lawn and 55,000tons f i e l d f e r t i l i z e r . The t o t a l 6EO tons of lawn f e r t i l i z e r is produced at

15102882 - • x



W . R . H a n l o n2 / 1 4 / 7 9
P a g e 2 03630740

* - ™ > ctn«»d in a bin and bagged as r equired . A l t h o u g h there are3 t S t - n S ^ such a s 2-4D ?he b u l k o f l i g h t w e i g h t ( l a w n ) f e r t i l i z e r i s- sr;, °
produce the 620 tons.

F . W . Eaton

F W E / c c
A t t a c h m e n t

15102883
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.andmarK T e r u . • . — .md 0.0391. re spec t ive ly.
~V~Even though the tremoli te f i b e r content Was quite low. the fib'ersappeared to be very f i n e , s p l i n t e r y , and wel l-di s tr ibuted throughout thewhole s a m p l e , which was in contrast of f i n e bundle and aggregates '"" •*- •>•«• nroducts. - - " - . •- - - •"— — - - — - -

J u l i e

j C Y : m l r

1 5 1 0 Z 8 8 7



:< GRACE
l=ll P L A N T L O C A T I O N

C O N T A M I N A N T _
S A M P L I N G B Y _
D A T E : lJ/8

A I : R S A M P L I N G - R E C O R D S H E E T,- / - AlJSri* <rftitJ&l&Z&SJr** ° S A M P L I N G C O N D I T I O N S : • ' H O U S E K E E P I N G :
I N S I D E D R A F T J____
V I S I B L E D U S T >fcr -

&s a m p l eN u m b e r i m p l o y e eN o m e J o b L o c a t i o nand D e s c r i p t i o n Remarks urapN u m b e r ' u m pO f f P u m pOn I m e 1owate
T o t a lS a m p l e dV o l u m e L a bv a l u a t 'B°

&Ji-J##te#-~ / 7 30 ;
S <r/ j i£ . tH 0755 •

WS 0757 si
OOP

'ri
Z - 7 /wx 1023 '33 -

IOV6
ot. / / 2 S loSj

0/9 V ' / - " / / / /n%>i*&
1 5 1 0 Z 6 8 8



"T .

P L A N T L O C A T I O N
C O N T A M I N A N T
S A M P L I N G B Y f \ IvEdTO*
D A T E : _

A I R i A M P L I N G R E C 0 R :D SHEET
V

S A M P L I N G C O N D I T I O N S : , . :

O U T S I D E '
H O U S E K E E P I N G :

I N S I D E D R A F T
V I S I B L E D U S T

|U3630746
S a m p l eN u m b e r [ m p l o y c eN a m e J o b L o c a t i o n •and D e s c r i p t i o n Remarks Pumpdumber P u m pO f f P u m pOn a m p U n gime l o wate

T o t a lS a m p l e dV o l u m e L a bE v a l u a t
S

O'-tt

Wt
1-/0- 11

*/- )W7 m/
n igyy (7-f ,

W2Z
15102889 2+J6

STO A /> £/*rr

E v a l u a t i o n By:: . D a t a i 71 ,<UMAUI21/7)



f2a^_^^^ _X >£**̂ ĝ  ŷ u*̂ ~ X =̂
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7RODUCTS __ .
D I V I S I O N
R E Q U E S T F O R T E C H M I C A L S E R V I C E

DATE: JOTy 27 , 1979
t ' -X-6-293-

PAGE 1
REQUESTOB
M A R K E T ' 1

N A M f i T x
A P P R O V A L :

APPROVED:
A D M I N I S T R A T I V E R E C O R D

PROBLEM TITLE: A n a l y s i s o f Monokote f or A s b e s t o s - F l o y d County Board o f
Educa t i on

S I G N I F I C A N C E : School Di s t r i c t needs t o d e t e r m i n e i f F i r e p r o o f i n g M a t e r i a l t f *
contains A s b e s t o s

SPECIFIC OBJECTIVE: To de t ermine the t y p e o f material (MK-3 ov MK-4) removed from
Rome Georg ia school

S U G G E S T E D A P P R O A C H :

DEADLINE (Last day information vill te of value): ASAP

DETAILS OT PROBLEM:

*S*?/7 <fACCEPTED BY RESEARCH DEFT.: "'
ASSIGN-ED TO: />? v &+*f &

: > N A L C O P I E S : Original t o Library . H . C . D u e c k e r , r . . A - M e r t h e r f L . S . S h < . B . A . B l e s s i n g t o n

C O N F I D E N T I A L

|103Z00764|



__ _ 41G21 REPORT I KG OATfr: - A u g u s t 15. T 9 7 j [
S O M M A R Y : - " ' . - - — - . . -

T h e f i r e p r o o f i n g m a t e r i a l removed f r o m Rome, G e o r g i a s choo l w a s e xaminedb y x-ray d i f f r a c t i o n a n a l y s i s , c h e m i c a l d i s s o l u t i o n a n d m i c r o s c o p i c e x a m i n a t i o n s .
C h r y s o t i l e f i b e r s were f o u n d t o b e pr e s en t in a p p r e c i a b l e q u a n t i t i e s (>5%).T h u s , i t was c o n c l u d e d that the m a t e r i a l was MK-3.

E X P E R I M E N T A L :
1. M a t e r i a l Examined As Rece ived

By X-Ray D i f f r a c t i o n M e t h o d
P u l v e r i z e the m a t e r i a l to -100 mesh s ize in a SPEX m i l l and x-ray.

M a j o r : G y p s u m , V e r m i c u l i t e
M i n o r : Quar tz a n d C h r y s o t i l e ( S u s p e c t e d )

M i c r o s c o p i c O b s e r v a t i o n
L o n g f i b e r o u s m a t e r i a l ( l O O x ) w a s shown i n t h e matr ix .

2. C a l c i n a t i o n
The received m a t e r i a l was crushed to -20 m e s h ^ t h ' e n heated in ai t i n u m c r u c i b l e w i t h cover io r g a n i c o r c e l l u l o s i c f i b e r s .p l a t i n u m c r u c i b l e w i t h cover f o r 1 6 hours a t 5 0 0 ° c . t o b u r n - o f f t h e

The r e m a i n i n g r e s i d u e was examined by p o l a r i z e d m f c r o s c o p e at 430xa n d f o u n d l o n g t h i n f i b e r s o f c h r y s o t i l e .
3 . A c i d D i s s o l u t i o n

One gram of the rece ived s a m p l e was d i g e s t e d w f t h ho t 1 l i t e r o f0.01 N H C 1 f o r abou t 1 hour. T h e m i x t u r e w a s c o o l e d o f f a n d f i l t e r e dt h r o u g h a 0 . 4 5 p m i l l i p o r e f i l t e r . T h e s o l i d r e s i d u e w a s d r i e d a n de x a m i n e d by l i g h t mi cro s c ope . M o s t o f the g y p s u m which adhered to .t h e f i b e r s w a s d i s s o l v e d b u t t h e c h r y s o t i l e f i b e r r emained i n sucha s d i l a t e a c i d s o l u t i o n .
L i g h t m i s c r o p i c e x a m i n a t i o n ( 4 3 0 x ) showed t h e pre s ence o f l o n gt h i n c h r y s o t i l e a s b e s t o s f i b e r s w i t h t h e c h a r a c t e r i s t i c o p t i c a lp r o p e r t i e s , ( i n d e x o f r e f r a c t i o n e c t . ) . T h e e s t i m a t e d q u a n t i t yo f t h e f i b e r in th e s a m p l e wa s l a r g e r than 5%.

R E F E R E N C E :
X - R a y F i l e M i s c . 2 9 3
N o t e b o o k 6 5 1 - 1 3 ^^J C.

J u l i e C . Y a n gJ C Y i m g d

L 5 080807

|103Z00765|



< B O A R D M E M B E R S
R O B E R T A " P E T E " O ' D I L L O N . C H A i

J O H N T . S E L M A N , V l C E - C M A i R M /
M R S . S A N D R A L . H A R P E - H

S H E L B V S I M S ~
OR. J A C K M. W A L O R E P . M. D.

I 3 O 7 - R E D M O N O C I R C L E

R O M E , G E O R G I A J 3 0 I 6 I - ^ ( " ' 2 ^ 2 '
^04/234-8228

O R . H E V I N J C N E G ; " E r > D '
S u P t ' P ^ M G ' . O C i V i T "

W I L L I A M H B O L . I N G
A * S : S T A , - . T S U P t B f M T E ' - . O E K T

N E W T O N A W H A T L E Y
A S S S T A N T S u P C » . N T E - i a £ K T

- T u l y 2 3 ,

M r . B o b T T e r t h e r6 2 W h i t t e m o r e A v e .C a m b r i d g e , M a s s . 021^0

Dear S i r :
P l e a s e f i n d e n c l o s e d a s a m p l e of m a t e r i a l used in one ofour s c h o o l s .We u n d e r s t a n d f r o m the c o n t r a c t o r that the mater ia l i sr ' H O N O K O T E : i .T h e G e o r g i a S t a t e D e p a r t m e n t said tha t t h e materialc o n t a i n s a s b e s t o s and wou ld have to be removed.We wou ld l i k e for you to a n a l y z e t h i s s a m p l e and let usknow if it contains a sbe s to s and if so what percent it c on ta in s ,We havs been adv i s ed that the S t a t e requires a p o l a r i z e dl i g h t m i c r o s c o p i c t e s t . A l o s , a d i s p e r s i o n s t a i n i n g t e s t .A l s o , if you have any i n f o r m a t i o n as to whether or nott h i s w i l l meet Environmenta l P r o t e c t i o n A g e n c y requirement s f o ruse in s c h o o l s , we would be i n t e r e s t e d in hav ing it.

S i n c e r e l y ,

B i l l T o l a sD i r e c t o r o f M a i n t e n a n c e
3 T / s j s

1 5080808

[103Z00766I



C O K S T R U C T I O W 4101S"
. .

T h i s is to c e r t i f y that no commercial a s b e s t o s is used
in the m a n u f a c t u r e of MONOKOTE® 5. F u r t h e r , any trace contam-
inants o f n a t u r a l l y occurring f o r m s o f a s b e s t o s in MONOKOTE,
are bound in the in-place MONOKOTE so as to pr even t a s b e s t o s
f i b e r s f r o m ' e n t e r i n g t h e environment .

1 5 0 P 0 8 0 5

|l03Z00763|



. C.

CURRENT ACTIVITIES OF ZOHOLITEp QBE RESEARCH GROUP

02225313PRIORITY I:
a) A s s i s t Libby to de termine $ t r emol i t e f i b e r in bag house du s t s , etc.
b) A s s i s t Libby to determine % t r eao l i t e f i b e r in. s a m p l e s c o l l e c t e d at

various s t ag e s of mill opera t ion ( s a m p l i n g at Libby in p r o c e s s ) .
c) Evaluate samples from I T o r t h Carolina S t a t e Univers i ty> using

d i f f e r e n t amines, tremoli te d epr e s san t , and high pH media for tremo-li te removal .(mater ia l s ba lance).
d) Generate basic infor.-nation on veraiculite for horticultural a p p l i c a -tions and support on other research a c t iv i t i e s such as Bark Ash.

patent work.

P R I O R I T Y I I :
a) S u p p o r t and evaluate all the material in the engineering p r o j e c t s on

f i b e r removal:
1. Binder deve lopment prob l em
2. S a l t i n g program
3. El e c t ro s ta t i c spray te s t
h. F l u i d bed t e s t s

b) Laboratory evaluation of air-elutriation method for f i b e r removal
and other techniques.

c) Count all the air sample s for trenol i te f i b e r content, co l l e c t ed iu
all CPD operations (mines , p l a n t s , j o b - s i t e s , e t c . ) and, also, whenworking with produc t s .

d) S u p p o r t and count f i b e r s in all the sample s c o l l e c t ed in the Controldrop test.
e) Determine total dust content in opera t ing areas.
f) Determine the asbe s to s f i b e r and s i l i c a content in M3UOKOTE from

C a l i f o r n i a .

J . C . Y a n g : m l r Cont inued. .
2 / V 7 7

15025910
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CURRENT A G i r V T Z B S 0? Z O U O L I T S ® ORE R E S E A R C H GROUP
( c o n t i n u e d )

P R I O R I T Y I I I :
a) Osmotic swel l ing and del.aT.i nation of vermiculite f r o m thick, booklets

to thin indiv idual f l a k e s which will result in b e t t e r d i s p e r s i o n inprocess where mica can be used.
b) Check the variabi l i ty of amines used in f l o t a t i o n agent received from

vendor f o r Enoree opera t ion ( W H C ) .
c) D i f f e r e n t i a t e the h y d r o b i o t i t e and vermiculite in our ore makeup inphys i cal and chemical p r o p e r t i e s which may give us a. bet ter under-

s tanding for e x p a n d i b i l i t y and ion release in horticultural a p p l i -
cations .

d) Deve lop r eproduc ib l e snd. accurate methods f or trenol i t e f i b e r deter-
minations as required.

e) C o m p i l e in f ormat i on on. quanti tat ive s i l i ca content of all the
p l a s t e r of Paris f rora all the p l a n t s manufac turing MONOKOTE produc t s .
The determinations will be made several times a year.

f ) Communicate and f o l l o w - u p with Dr. ¥. S m i t h , H e a l t h Research
I n s t i t u t e , F a i r l e i g h - D i c k i n s o n U n i v e r s i t y , on Animal S t u d i e s .

g) V e r i f y Libby counting data every two months.
h) Communicate with ou t s ide agenc i e s , i n s t i t u t i o n s , on similar health

problems and keep up-to-date developments and s ta te-of-art in
i n s t r u u e n ' c a l analys i s .

i) Plan to j o i n a nat ionwide P r o f i c i e n c y Analyt i ca l T e s t i n g program
(PAT) sponsored by ITI03H to evaluate in-house technique and accuracy
for analyzing asbe s to s f i b e r s . Recent ly, a s t a t i s t i c a l s tudy of
in-house counting accuracy was made.

J u l i e C . Y a n g : m l r

[088Z009491



A r t h u r D L i t t l e , I n C . A C O R N P A R K - C A M B R I D G E M A S S A C H U S E T T S 02140 ' . 6 1 7 ) 8 6 4 - 5 7 7 0

January 31, 1973
03*i41*33

Dr. J u l i e C. Y a n g
S e n i o r G r o u p L e a d e r

W. R. Grace & Co.
Rock P r o c e s s i n g C h e m i c a l s
C o n s t r u c t i o n P r o d u c t s Divis ionC a m b r i d g e , M a s s a c h u s e t t s 02140
Dear J u l i e :
Per your l e t t e r of January 11, 1973, and subsequent t e l e p h o n e conversationswi th Dr. A r n o l d Rosenberg and you, I am e n c l o s i n g a report p r o v i d i n g ananalys i s o f a s b e s t o s ( t r e m o l i t e and a c t i n o l i t e ) content of seven (7) un-
known sample s as well as an o p e r a t i n g procedure for determining a sbe s to scontent in M o n o k o t e s a m p l e s . The me thod e m p l o y e d has d e m o n s t r a t e d a 2 a
c o n f i d e n c e minimum d e t e c t a b l e l i m i t o f 0.15 we ight p e r c e n t , which I thinkis e s p e c i a l l y good for a procedure based upon X-ray d i f f r a c t i o n m e t h o d s .
The overall cost for thi s work, which we wil l b i l l to your P. 0. No. 41574,is $1800. T h i s includes the small carryover f r o m the previous task
(December 19, 1 9 7 2 ) , d i f f r a c t i o n scans of 12 s a m p l e s , M e t h o d B and C
p o i n t count d a t a f or seven (7) s a m p l e s , M e t h o d C p o i n t count d a t a f or an
a d d i t i o n a l seven (7) s a m p l e s , and f i n a l l y , s p e c i f i c a t i o n o f a measurementprocedure .
I have retained all s u b m i t t e d s a m p l e s and p r e p a r e d X-ray s a m p l e s shouldthey be required in the f u t u r e .

Very t ru ly yours,

Edward T . P e t e r s
/me
Enclosure

C A M B R I D G E . M A S S A C H U S E T T S
A T H E N S 8 H U S S E L S C A f l A C A S C H I C A G O L O N D O N M E X I C O C i T Y N E W Y O R K P A R I S 3 1 0 D E J A N E I R O S A N F R A N C I S C O T 3 R O N 7 O J V A S h i N G T O N ^ U f l ' C H
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January 30, 1973

PROCEDURE F O R M E A S U R I N G A S B E S T O S C O N T E N T O F
MONOKOTE MIXTURES FOR W. R. GRACE & CO. 0364 113

S U M M A R Y
An X-ray d i f f r a c t i o n pro c edure has been d e v e l o p e d for d e t e rmin ing the pre s-ence of t r e m o l i t e and a c t i n o l l t e f o r m s of a s b e s t o s in commercial mix ture sof v e r m i c u l l t e and g y p s u m , such as monokote. Baaed upon the r e s u l t s f r o m
known chemistry s t a n d a r d s , a sbe s to s can be i d e n t i f i e d in these p r o d u c t swith a 2 a minimum d e t e c t a b l e limit of 0.12 weight percent for t r e m o l i t eand 0.15 weight percent ac t ino l i t e . Of the seven s a m p l e s s u b m i t t e d for
measurement of asbes tos c on t en t , all were f o u n d to have less than theminimum d e t e c t a b l e l imit s o f a sbe s to s , with the f o l l o w i n g e x c e p t i o n s :A f r i c a n //3 - 1.90% t r e m o l i t e and Kearney #3 - 0.30X tremol i t e .
I N T R O D U C T I O N
In December 1972, members of the C o n s t r u c t i o n P r o d u c t s Divi s ion, W. R.Grace , I n c . , reviewed with us a need for a c c u r a t e l y d e t e rmin ing the as-b e s t o s content of various commercial p r o d u c t m ix tur e s , such as monokote .I t w a s agreed that X-ray d i f f r a c t i o n analys i s a p p e a r e d most p r a c t i c a l .
A n a l y s i s of several s t a n d a r d s ( 0 . 5 , 1.0 and 2.0% t r e m o l i t e in m o n o k o t e )revealed that the presence of a s b e s t o s could be d e t e c t e d by a d i f f r a c t i o nscan s t r i p chart r e cord ing. To e x p l o r e th e p o s s i b i l i t y o f improv ing the
s e n s i t i v i t y o f th e X-ray m e t h o d , Arthur D« L i t t l e , I n c . , conduc t ed a second
set of e xper iment s based upon the f i x e d count X-ray method. T h i s proved
s u c c e s s f u l , p r o v i d i n g a minimum d e t e c t a b i l i t y limit of 0.12 weight percent
t r emo l i t e in monokote. T h e s e r e s u l t s were pre sented in our report d a t e d
December 19, 1972.
On January 11, we were asked to:

1) P r e p a r e a c a l i b r a t i o n curve for the q u a n t i t a t i v e analys i s o fa c t i n o l i t e , u t i l i z i n g
a) F i x e d count p r o c e d u r e s , as b e f o r e .b) Area under the curve, a f t e r s low scans.

2) Conduct an analysi s of several e x p a n d e d vermicul i t e s a m p l e s andof the monokote produc t pr epar ed at various l o ca t i on s f r o m Libby
ore to determine t r e m o l i t e and a c t i n o l i t e content.

In our preliminary work, it became clear that the a c t ino l i t e s tandard mixeswere d i f f e r e n t than the other s a m p l e s , in that they res i s ted d i s p e r s i o n in
mixing with amyl acetate. S u b s e q u e n t l y , it was determined that the s t a n d a r d s
were i m p r o p e r l y pr epared and a new set was s u b m i t t e d . Oh January 26, 1973,
a f i n a l e xpanded vermicul i t e s a m p l e was s u b m i t t e d f or analys i s . T h i s d id no thave the same pre- tr ea tment as the o ther s a m p l e s , r e s u l t i n g in a much coarser
p a r t i c l e a g g r e g a t e size.

1503*515
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S a m p l e s were p r e p a r e d and analyzed s imi lar to the earlier work. A des-c r i p t i o n of the methods used and procedural out l ine are p r e s e n t e d .

EXPERIMENTAL PROCEDURE 03̂ 4 11" tr
It was assumed that the pre-treatment provided by W. R. Grace r e su l t edin u n i f o r m , well b lended sample s . X-ray sample s were p r e p a r e d by mixing20-50 mg of the powder mixture with amyl acetate to make a slurry. T h o r o u g hmixing was carried out in a mortar and p e s t l e a f t e r which the s lurry was
poured onto a. g l a s s micro s cope s l i d e and dr i ed . All X-ray d i f f r a c t i o nd a t a were carried out wi th a c o p p e r X-ray tube o p e r a t e d at 40 kV and 20 ma.
The a p p a r a t u s u t i l i z e d a p o s t beam monochromator e q u i p p e d wi th a g r a p h i t ecrystal to minimize s c a t t e r e d , background rad ia t i on . Based upon the pre-vious s t u d y and upon i n f o r m a t i o n f r o m d i f f r a c t i o n scans of the monokote
mixtures and pure asbe s to s s t a n d a r d s , it was de t ermined that the most suit-able d i f f r a c t i o n line p o s i t i o n s f o r t h e asbestos peaks f r e e f r o m i n t e r f e r -ence f r o m other peaks were at:

T r e m o l i t e - 29 = 2 8 . 5 °
A c t i n o l i t e - 29 =* 1 2 . 4 ° and 2 8 . 5 °

X-ray d a t a were c o l l e c t e d a c cord ing to three basic p r o c e d u r e s , as f o l l o w s :
A . D i f f r a c t o m e t e r Scan
Scanning was conducted at a rate of l ° / m i n u t e over the range of 26=

4-50*. T h i s scan e x h i b i t e d al l d i f f r a c t i o n peaks . As shown e a r l i e r , th i s
a p p r o a c h p e r m i t t e d d e t e c t i n g t h e pre s ence o f 1 % t r e m o l i t e ( a t 2 6 - 2 8 . 5 ° ) ,
a n d f r o m t h e pr e s en t work, 1 / 2 % a c t i n o l i t e ( a t 2 6 - 2 8 . 5 ° ) . A s b o t h peaks
occur at 28 .5 , the d ir e c t scan a p p r o a c h can only say one or the o t h e r orb o t h f o r m s of a s b e s t o s are p r e s e n t in monokote in excess of 1%.

B. Area D i s p l a y ( S l o w S c a n )
S c a n s were made at l / 4 ° / m i n u t e over the range of interes t (26»11.9+

12.9 and 2 8 . 0 - * - 2 9 . 0 ° ) . As there was l i t t l e "area under the curve" for mosts a m p l e s , equivalent d a t a were c o l l e c t e d by measuring counts in 60 s e c ond s
at 28.0 and 2 9 . 0 ° as background and counts in a 120 second scan over the
peak f r o m 2 8 . 0 ° to 2 9 . 0 ° as peak. The s ignal is then taken as peak minus
ba ckground .

C. Point Count
Data were c o l l e c t e d at f i x e d p o s i t i o n s f r o m peak (12.4 and 2 8 . 5 ) and

background (11.9 and 2 8 . 0 ) , re cording the time ( s e c o n d s ) to c o l l e c t 6400coun t s , p r o v i d i n g a 2 a p r o b a b l e error of 1.68%. In the case of the e x p a n d e d
vermicu l i t e s a m p l e s , the 28.5" area of i n t e r e s t was i n f l u e n c e d by the t a i l

,o f an a d j a c e n t , broad p e a k ; for these s a m p l e s , background was taken to be
the average of measurements at 28.0 and 2 9 . 0 ° .

1 5 0 3 4 5 1 6
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0364 } 1 C 6E X P E R I M E N T A L R E S U L T S
D i f f r a c t i o n scans for the 12 submi t t ed s a m p l e s are a t t a c h e d . Examinat i onof the traces showed the e x p e c t e d peaks in all cases. The three e x p a n d e d
vermicu l i t e s a m p l e s all showed variat ion f r o m one another, which is a t t r i -but ed to small d i f f e r e n c e s in the c o m p o s i t i o n of the ore or p r o c e s s i n g
var iab l e s . The scans of monokote p r e p a r e d at f o u r l o ca t i on s were e s s e n t i a l l y
i d e n t i c a l . The r e s u l t s f r o m the various me thod s o f analysis are given be low,with measured d a t a p r e s e n t e d in T a b l e 1:

Method A
From the s t a n d a r d s , a peak at 28.5" is observed with as l i t t l e as 0.57,a c t i n o l i t e or ( f r o m the previous work) 1.0% t r e m o l i t e . H o w e v e r , at l ea s t

2.0% a c t i n o l i t e i s required to observe the peak at 1 2 . 4 ° . Based upon theh igher backgrounds and i n t e r f e r i n g t a i l s o f a d j a c e n t p e a k s p r e s e n t in the
monokote and e x p a n d e d v ermicu l i t e s a m p l e s , i t i s c onc lud ed tha t d i f f r a c t i o n
scans are s u i t a b l e f or i d e n t i f y i n g the pr e s enc e o f a s b e s t o s in q u a n t i t i e sof 2 weight percent or gr ea t er .

M e t h o d B
As can be i n f e r r e d f r o m the d a t a pre s en t ed in T a b l e 1, slow scanningf a i l s to exhibit a peak d i s t i n g u i s h a b l e f r o m background. Using the more

exac t ing measurement of counts c o l l e c t e d at background (120 sec at 1 1 . 9 °and 120 sec at 1 2 . 9 ° or 120 sec at 2 8 . 0 ° and 120 sec at 29.0°) and f r o m
background p l u s peak (240 s ec for scan f r o m 11.9-^12.9° and 2 8 . C K 2 9 . 0 0 ) ,
one observes in T a b l e 1 t h a t background is g e n e r a l l y h igher than p e a k
count . A l t h o u g h no c lear e x p l a n a t i o n can be p r o v i d e d for t h i s , it isassumed that background is not u n i f o r m over the range scanned. The f a c tthat peak signal is so low, p r e c l u d i n g a measurable area above background ,
rules out this a p p r o a c h for de t ermining a s b e s t o s - c on t en t in monokote s a m p l e s .

Method C
E x p e r i m e n t a l d a t a c o l l e c t e d a c c ord ing to the M e t h o d C p r o c e d u r e arep r e s e n t e d in T a b l e 1. Each measurement is converted to a c o u n t s / s e c o n d

b a s i s , w i th a p p r o p r i a t e correc t ion f or th e d i f f e r e n c e in background count-
ing rate at P and B p o s i t i o n s as d e t e rmined f r o m the monokote b lank. A
p l o t o f s ignal ( i . e . , p eak l e s s b a c k g r o u n d ) versus c o m p o s i t i o n f o r t h evarious s t a n d a r d s is p r e s e n t e d in F i g u r e 1. W i t h the e x c e p t i o n of onedatum p o i n t , the t r e m o l i t e d a t a i s in e x c e l l e n t agreement w i t h the ear l i e r
calibration curve (December 19 r e p o r t ) , giving con s iderab l e credence tothe experimental approach that has been e m p l o y e d .

The a c t ino l i t e data show some s ca t t e r . The curve at 1 2 . 4 ° (wi th a2 a- c o n f i d e n c e , minimum d e t e c t a b l e l imit of 0.15%) is emp loyed to i d e n t i f y
the presence of a c t i n o l i t e . F r o m F i g u r e 1, the c o r r e s p o n d i n g count rate
for the 28.5 a c t i n o l i t e peak i s de t ermined and s u b t r a c t e d f r o m the c o r r e c t e d
2 8 . 5 ° s i g n a l . Any remaining s ignal i s a t t r i b u t e d t o t r e m o l i t e .

15034517
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Experimental da ta for the seven unknown sample s is also presented inT a b l e 1. Aa the 2 8 . 5 ° peak p o s i t i o n occurred on the tail of a m a j o r ex-panded vermiculi te peak, a more a p p r o p r i a t e background was obtained byaveraging da ta c o l l e c t e d at 28.0 and 29.0" po s i t i on s . Even thi s approachre su l t ed in an over-correction for background. T h i s high background d i f f i -cu l ty is the result of a broad expanded vermiculite peak be ing pre s en tat 26.7" in the N e * f e h Carolina ore employed for s t a n d a r d s , where therewas no int er f erence f r o m peak tai l s at 28.0°, whereas it is p r e s e n t at
2 7 . 3 ° in the Libby ore r e su l t ing in a peak tail at 2 8 . 0 ° . As a consequence,the absence of a peak at 28.5" in the f o u r monokote s a m p l e s using Libby
ore was i n f e r r e d by a measured peak to background ratio of 0.86 for allf o u r s ampl e s .

The three expanded vermicu l i t e s a m p l e s showed no s ignal a t 1 2 . 4 ° ,p r e c l u d i n g the presence of a c t ino l i t e . A measured signal at 28.5" was
t h e r e f o r e a t t r i b u t e d to t r e m o l i t e c o r r e s p o n d i n g to 1.95% and 0.30% for theA f r i c a n //3 and Kearney #3 s a m p l e s , r e s p e c t i v e l y .
RECOMMENDED PROCEDURE
Based upon the experimental re sul t s de s cr ibed above, the f o l l o w i n g pro-
cedure i s recommended for d e t e r m i n i n g the pre s ence o f a sbe s to s ( a c t i n o l i t ea n d / o r t r e m o l i t e ) in monokote s a m p l e s :

1. Mix 20 to 50 mg monokote mix with 20 to 30 d r o p s amyl a c e t a t e ,mix in mortar and p e s t l e , pour onto a g l a s s s l i d e (cover ing anarea of 4-6 cm^), and allow to dry.
2. E m p l o y i n g a P h i l i p s vertical d i f f r a c t o m e t e r e q u i p p e d with a c o p p e r

targe t X-ray tube o p e r a t e d at 40 kV and 20 ma, 1" divergence s l i t ,
0.001 inch receiving s l i t and g r a p h i t e - c r y s t a l p o s t beam monochro-
mator,* c o l l e c t t h e f o l l o w i n g d a t a :
a. Measure time to c o l l e c t 6400 counts at 26 * 1 2 , 4 ° and convertto c oun t s / s e c ond » PI
b. Measure time to c o l l e c t 6400 counts at 26 = 1 1 . 9 ° and convert

to c o u n t s / s e c o n d = Bl
c. C a l c u l a t e SI = PI - Bl

1. If SI * 0.4 or lower, assume no a c t i n o l i t e is p r e s e n t .
2. If SI > 0.4, read % a c t i n o l i t e f r o m curve ( 1 ) , F i g u r e 1.

A l s o , read c o u n t s / s e c o n d at same % a c t i n o l i t e f r o m curve(2) and call S 2 . *
d. Measure time to c o l l e c t 6400 counts at 28.0, 28.2, 28.5, 28.8

and 29.0"; convert to counts per s e c o n d ; p l o t c o u n t s / s e c o n d
versus 29; draw smooth curve through p o i n t s at 28 * 28.0, 28.2,
28.8 a n d 2 9 . 0 ° ; take d i f f e r e n c e between 2 8 . 5 ° po int a n d t h esmooth curve and call P2.

*0ther experimental a p p a r a t u s could of course be used, but would p r o b a b l y
require new cal ibrat ion curves. 15034518
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0364 U=se. C a l c u l a t e S2 - P2 - S2*
1. If S2 » 0.7 or l e s s , assume no t r emol i t e is pre s ent .
2. If S2 > 0.7, read Z t r e m o l i t e f r o m curve ( 3 ) , F i g u r e 1 .

3. For procedure as pre s ented above, the minimum d e t e c t a b l e l imitof t r e m o l i t e is 0.12 and a c t i n o l i t e is 0.15 weight p e r c e n t ,
r e sp e c t iv e ly .

1 5 0 3 * 5 1 9

A r t h u r D L i t t l e . I n c

|092Z01584|



§: f

1*
03

45
20

[09
2Z0

158
5]



C A M B R I D G E
TO: o. F. Stewart , Enoree, S . C . O A T E : August 31, 1973

F R O M : .Tnl- t f t P. . Yang / SUBJECT: Tremoli te Determination
in South Carolina vermi-CC: R. M. V i n j d n g culite OresH. A. BrovnT. Lyall FILE: 150 - Asbestos Determination inW. P. McCord Vermiculite Ores

J. L. WrightH. C. DueckerA. M. Rosenberg

TABLE OF COHTSMTS;
ObjectiveSummaryMaterial ReceivedExperimental Work
Discussion of ResultsConclusionRecommendations for Added S t u d y
Appendix 1

Tabl e 1
Figure s 1 to 5

O B J E C T I V E :
To determine the tremolite content in S . C . vermiculite oresvarious locations.

S U M M A R Y :
Instrumental means were employed to determine the asbestos contentin S . C . ores. The f ind ing s are l i s ted as f o l l o w s :
1. There are asbes t i form f ib er s present in S . C . ores, but most lyvery f ine and pnm"n All the ident i f iab l e f i b e r s are hornblende, analuminum-rich smphibole. So far no information has been published toindicate whether this material is detrimental to health or not, as ofother types of emphiboles (tremolite, crocidolite and amosite) andchrysotile asbestos.
2. The only detectable d i f f e r e n c e between Alien and W a l d r u p typespecimens from the same location (Boole 3??) is that the Alien type hasrelatively higher talc and hornblende contents than the Waldrup sample.
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M A T E R I A I S R E C E I V E D :
The f o l l ow ing samples vere submitted from 0. F. Stewart , Enoree,S . C . at R. M. V i n n i n g ' s request for tremolite analysis:

Sample N o .
222210-1

2
3
k
5
6
7
8

Deposit
Poole #7
Poole #7
Alien
Poole &
Burns
Meadows
Yarborough
Lanford

Alien
Waldrup
AUen

Waldrup
Waldrup
Waldrup
Waldrup

7s CAL WORK;
Instrumental Methods Employed

X-Ray D i f f r a c t i o n

Scanning Electron Microscope
(SEM) _ .Optical Microscopy

Electron Probe Analysi s (EPA)

D I S C U S S I O N O F R E S U L T S :

A rapid, non de s truc t iTemethod to i d e n t i f y crystals'l ine materials such asmineral species
To study the morphology ofparticules
To i d en t i fy individualparticules by its opticalproperties
To analyze the elementspresent and the relativequantities of them

The instrumental analyses were done at Arthur D. L i t t l e , Inc.by Dr. E. Peters and his colleagues, the interpretations were made byJ. C. Yang in co l laborat ion with E. Peters.
1. X-Ray D i f f r a c t i o n Data
The ore samples as received showed an intense x-ray d i f f r a c t i o npeak at 2 0 - 2 8 . 5 ° . The position employed for our previous quantitativemeasurement of tremolite in Monokote® and expanded vermiculite fromLibby mine. A t t e m p t s vere made to expand the vermiculite l) chemicallywith cone, hydrogen peroxide and 2) t h e r m a l l y for 3 minutes at i t o o ' F ,

but in the expanded samples the unwanted peak at 2 8 . 5 ° p e r s i s t e d . It
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0. F. Stewart -3- Jul i e C. Yang

was then decided to^perform the x-ray d i f f r a c t i o n analysis to provideid ent i f i ca t i on and quantitative estimates of the mineral speciespresent, and to examine the f ibers in several samples by scanningelectronmicroscope. If f i b er s were present, they would be ident i f i edby the optical properties and electron^probe. analysis for its elementalratio.
The mineral species In the samples were analyzed and tabulatedin liable 1.

ALL the samples were found to have x-ray d i f f r a c t i o n peaksthat correspond to. hornblende or tremolite. Based upon the d i f f r a c -tion peak at S . l f O ' A ^ t i o r n b l e n d e line, the quantity of hornblende invarious samples were estimated and corporate* with other results inTable 1. The distinction between hornblende and tremolite, as wellas whether they are in p la ty or fibrous form was then determined bySEM and EEft. .
2. -a f tmnning Electron Microscopic (SEM) Examination andElectron Probe Analysis

A few representative photographs and p r o f i l e s for the elementspresent -we shown in F i g s . 1 to 5.
Elements corresponding to various peak position are:
Mg 1.25 K 3.30 Ti 1*.55
Al 1.U7 Ca 3-70 Fe 6. to
Si 1.75 Ca 1».05 Fe 7.05
Several fibrous particles were observed in each sample by SEM.The chemical composition by the probe analysis showed that the ele-mental ratio of 5Mg-lAl-l6Si-l<Ca, whereas the tremolite standardfrom Libby yielded a relative ratio of 5Mg-20Si-lJC-3Ca. It thusappeared the analyzed f ibers were hornblende instead of tremoliteas we suspected. Other non-fibrous particles showed the typicalratio of 2 M g - l A l - 5 S i (Vennicul i t e) with occasional replacement ofsome or all of the Mg by K (hydrobiot i t e) .-
3. Optical Examinations
Two of the samples 2221O-2, Boole #7 ( W a l d r u p ) and 22210-6,Meadows ( W a l d r u p ) were examined by optical microscope, ut i l izingthe Montana tremolite sample as a standard. Observed f ibers were •'found to!ihave the refractive Indices in the range of those of horn-blende (measure Kf* l-623> 1.6W) which are considerably higher thanthe values for tremolite ( *ft«» 1.599,
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4. C h e m i s t r y of H o r n b l e n d e
H o r n b l e n d e series is a f a m i l y in the araphibo l e a sb e s t o s group

which shows a cons iderab l e variation in compo s i t i on . The p r i n c i p l ef e a t u r e s of the compos i t ion are the presence of both Ca and Na or K,
the former dominating, the Al is par t ia l ly subst i tuted for Mg and Si,and most of the members are d e f i c i e n t in s i l ica. The compos i t i on ofthe series may be expres sed by the two end members:

F ) ^ edenite
C a u N a 2 ( M g , F e J g A l g S i ^ O ^ f O H , F ) ^ h a s t i n g s i t e
Compared with treraol i t e
Fluroine commonly enters into the compos i t ion to replace OHin par t , Mg by F e l l , Al by F e U I , as do Ti and MH, for cations.
Such as Pargasite (Na,K) C&^tg^Al Si^Q^OH^
and Barroisite ( C a , N a ) 2 : 2 g ( M g , F e , A l ) 5 1 5 ( S i , A l ) 8 0 2 2 ( O H ) 2

are the intermediate members.
T h e s e minerals are monoclinic in crystal structure, and havef i b e r - l i k e appearance but usually very chunky (low aspect ratio) . T h e s eare s o f t and eas i ly pulverizable like clay mineral s , and quite d i f f e r e n t

f rom either the harsh Mg-amphibole , t r e m o l i t e ; Fe-aiuph ibo l e ; c roc ido l i ta .and F e - M g a m p h i b o l e , aroosite or from the s i lky , f l e x i b l e chryso t i l easbe s to s f i b e r s .
No known l i t era ture pub l i s h ed to date has been found d i s cu s s ingthe e f f e c t of hornblende to health.

C O N C L U S I O N S :
1. All the S . C . ore sample s analyzed are very s imilar in mineralc o m p o s i t i o n s . All of them are rich in vermiculite and h y d r o b i o t i t e with

minor amounts of h o r n b l e n d e , talc and quartz.
2. All s a m p l e s examined contain a s b e s t i f o r m f i b e r s that havebeen i d e n t i f i e d as hornblende, an Al-ri ch amphobi l e , which are f i b e r-like under l i g h t and e lec tron microscope. T h i s material is, at th i st ime, an unknown health hazard.
3. The d i f f e r e n c e of A l i e n & W a l d r u p type spec imens f rom thesame l o ca t i on is the r e la t ive ta l c and hornblende content . A l i e n type

seems to be richer in both.
k. The SEM p r e p a r a t i o n procedure t e n d s t o e m p h a s i z e the s m a l l e s t

size p a r t i c l e s , so that the method is not quant i ta t iv e . Of all the se
s a m p l e s e x a m i n e e ! , 22210-2, P o o l e / / 7 ( W a l d r u p ) appear ed t o contain t h e
l a r g e s t f r a c t i o n o f f i b e r s .
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R E C O M M E N D A T I O N S F O R ADDED S T U D Y :
Since hornblende is a f i brous araphibo l e , the carcinogenicpotent ia l of this material has not yet been found in any l i t erature ,but it nay be questioned in the future because of composition andstructure close ly associated with tremolite and other amphlbo l e s .It is suggested to contact outside agencies to have an animal studymade on the potential carcinogenic e f f e c t s of horblende, comparedwith trenolite and chrysolite f ibers . Usually, the test will takeone to two years, but by then we will know for sure whether thismaterial exhibits any cancer-inducing potential.

Agencies and Insti tut ions .equipped to do this type of work:
1. Hunt ingdon Research Center.Huntingdon, England

- where the carcinogenic screening of vermiculite (S.A.)was done in 1970-1972.
2. Dr. Lewis J. CralleyOccupational Heal th ProgramNational Center for Urban and Industrial Heal thPublic H e a l t h Serivce101̂  BroadwayCincinnati, Ohio U5202

- previous contact, had studied amphibole s and chryscrcileof various length, pure synthetic chrysotile and chrysotile
with added Ni, Fe, Co, etc. in the structure.

3. Dr. Paul Gro s s M . D .
Indus tr ia l H y g i e n e Research UnitD e p t . of Occupational H e a l t h
Graduate School o f Public H e a l t hUniversity of Pit t s burghPit t s burgh , Pa. 15213
- previous contact, did similar studies as Dr. Cralley.

J u l i e C. Yang/ >
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J u l i e C. Yang
8/31/73

TABLE 1 DETERMINATION OF MIMERAL COMPONENTS PRESENT
IN SOUTH CAROLINA VERMICULITE ORE

(BY X-RAY DIFHIACTION METHOD)

S A M P L E
NO.

22210-1

2

3
k

6

Legend:

VERMI- HYDRO- I ! 0 ^ : s ? i ; C : i -< f.DESCRIPTION CULITE BIOTITE HORHBLEND.E TALC
Poole #7 ( A U e n ) 4-H- 4-H- 44- (10-2OJ4)* 4-1-
Poole #7 ( W a l d r u p ) 44- 4-H- 4- (2*5%) 1
Alien (Alien) 4-H- 444- 4- (S-lOjt) 4-H-
Poole #3 4-H- 4-H- 4- ( 2 - 9 J & ) 44-

Meadows ( W a l d r u p ) 4+ 4-H- 4-4- (lO-205t)

4-H- M a j o r ( < ; > V ) ( ^ 5 0 ^ )4-f- Intermediate ( l O - T O j i )+ Minor ( l - 9 5 t )7 Doubt fu l (<1&)None

Q U A R T Z
4-

Trace
-
4-

Trace

"•

The-i percentage of hornblende in the parenthesis was determinedb y t h e intensity o f 2 0 = 8.to A ° .
N o s . 5, 7, 8 not determined.

| l 2 3 Z 0 0 5 2 l 1
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C A M B R I D G E A D M I N I S T R A T I V E R E C O R D
February 23, 1976

Libby Ore EvaluationOre Impur i t i e s

TO: H. C. Duecker D A T E :
F R O M : J u l i e C . Yang S U B J E C T :

CC: H. A. prownJ. W. W b l t e r
R. L. Oliverio/Libby
R. J. K u j a w a / L i b b yG. G. V a p l o n / L i b b y0. F. Stewart/Enoree
R. H. Locke 'J . - L . Y o u n g ' .F i l e : 71-01*8 \

PURPOSE
The o b j e c t i v e of this inves t igation is to determine the tremolitecontent for each of the three mill.circuits and end product s at Libby.

S A M P L E S E I E C T I O g
S a m p l e s have been col lec ted by G. Vaplon:

(a) material which entered the circuit,(b) material which came out ot the circuit,(c) screened plant product s as control and comparison with (a) &
Fourteen materials were received:

(1) Clean Cone"; -• 8 x 20(2) Rough Cone. • 8 x 20(3) Rough Cone. 20 x 65(4) Clean C o n e ; - 20 x 65
(7) Rough F e e d 8 x 20(8) Clean F e e d 8 x 20(9) Rough F e e d 20 x 65

( 1 0 ) Clean F e e d 20 x 65" ( 1 1 ) ' #1 Compos i t e( 1 2 ) #2 Compos i t e
(5) #3 C o m p o s i t e(6) #** Compos i t e

( 1 3 ) #5 C o m p o s i t eHumphrey S i z e r Concrete 12/3/75 9:00 a.m.

( b ) ,

I ) Humphrey Sizer
1 S e p a r a t i o n .

The rock and f i b e r were s eparated f rom the vermiculite p l a t e s
by hand-picking.
Method o f A n a l y s i s
Each port ion has been weighed car e fu l ly and then x-rayed for
their mineral content.

|068ETX02076|



- 2 -• T o : H. C. DueckerFrom: J u l i a C. Yang
Feb. 23, 1976

Libby Ore Evaluation
Ore I m p u r i t i e s

3. Result s and Accuracy

Vermiculite
Eock
T r e m o l i t e

Total

W t .

03627801
Accuracy %

86.. 71 ± O . U 3 approx.
10.58 ± 0.05 approx.
2.71 ± 0.01

. The rock content may be higher than the f igure shown at theexpense of vermiculite, since some of the granules can be c las s i-f i e d as vermiculite f ine aggregates (showed venniculite x-rayp a t t e r n ) but may not be expandable as we previously found (report11/3/75 - Propert ie s of Libby Vermiculi te Ore). The f i b e r portionshowed a good x-ray p ' a t t e r n of pure tremolite with no rock contami-nations.

II) 8 x 20 Circuit and End Products #1, 2 & 3
1. Separa t i on

The samples in this group were sized by Bo-Tap screening to +50 and-50 f rac t i on s . 100 gram vermiculite sample was R o - T a p p e d for 16 minutes
t o ta l , a ten minute increment f i r s t , then three 2 -ml n .consecutive intervals
to insure the achievement of constant weights.

Then f r om the +5O size f r a c t i o n s , f i b e r s were hand-picked andweighed. The b u l k materials remaining were then chemically expanded with
30£ TS.2P2. individual ly. The light expanded vermiculite thus was separated
from the heavy rocks and f i b e r bundles by water f l o t a t i o n . Both port ionswere c o l l e c t ed , dried and weighed, then ground to -100 mesh and s u b j e c t e d
to x-ray examination.
2. Method of A n a l y s i s

T r e m o l i t e remaining in the sample s was determined by quantitativex-ray. d i f f r a c t i o n analy s i s , and the values were added to those of the
hand-p i cked t r emol i t e . In quantitative x-ray analysis a calibration
curve was constructed to determine t r e m o l i t e by a d d i n g a. V^^m amount of
Libby tremoli t e (hand-picked f r om #2 compos i t e , opened and c l e a n e d ) to
a hand-picked pure vermiculite sample. The curve was made for de Germina
tions up to 10$ tremoli te .

The total area under the 2.6= 2 8 . 5 ° in the d i f f r a c t i o n p a t t e r n ,
the peak responded to the max i n t e n s i t y peak of t r emol i t e , was commuted,
for the quantitative s tud i e s , and a second peak (he igh t only at 20 =
1 0 . 5 ° ) wa s employed a s a check f o r t h e in t er f er ence ( F i g u r e l) .

2 0 1 5 2 8 2 1
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To: H. C. Duecker - - 3 - . Libby Ore Evaluation
From: J u l i e C. Y a n g Ore Impuri t i e s

F e b . 23, 1976

03627802
3. Result and Accuracy of A n a l y s i s

Experimental result s are l i s t e d in T a b l s 1. S i n c e the d e t e c t i o nlimit of tremolite by x-rays is about 0.2$ in a s p e c i f i c sample, forvery low concentration occurence tremolite has to be concentrated inthe sample by removing the bulk of vermiculite. Vermicu l i t e can beremoved easily by chemical expansion with 30$ H g O g f o l l o w e d by f l o t a -tion.
On the chart, three tremoli te contents (ac tua l ly the range) weregiven based on the de t e c t ion l i m i t a t i o n s .

k. Comparison, of Material froza 3 x 20 Circuit andEnd Products Compos i t e #1, #2 and #3
The rock content of composites #1 and #2 are in line with thoseof the concentrates in the 8 x 20 circuit, but the tremolite contentin these composites are d e f i n i t e l y higher than the concentrates. Theexcept ional ly high tremolite content is noted in Compos i t e #2. The

f i b e r contents in the 8 x 20 concentrates are s l i g h t l y less than thosein the corresponding f e e d s .

I l l ) 2O x 6g Circuit and End Products Compo s i t e s #k and #5
1. Separa t i on and Analy s i s

The samples in this group were sized by Ro-Tap screening to 3f r a c t i o n s , namely +70, -70 +100 and -10O mesh size using the procedure
described in S e c t i o n II j_.

In the +70 f r a c t i o n of rough and clean concentrates, the f i n ef i b e r s present were bal led up to pea-s ized white ba l l s , which wereseparated by gentle screening. The f i b e r bal l s were retained on a 50mesh screen and weighed. To check the f i b e r content, the weighed f i b e rbal l s were broken and red i s t r ibu t ed in the sample and s u b j e c t e d toquantitative x-ray determination. Since the f i b e r contents were verylow, vermiculite in these sample s were expanded chemically and then
removed by f l o t a t i o n prior to x-ray analysis.

• In the -70 +100 and -100 mesh f r a c t i o n s , - tremoli te was d e t e r rdned
d i r e c t l y from the sample as received; since the vermiculites present in
these sizes are f a i r l y small, the expansion and f l o t a t i o n will not sep-
arate the material e f f e c t i v e l y .

|068ETX02078l



To: H. C. Duecker Libby Ore Evaluation -From: J u l i e C. Yang Ore Impuri t i e sF e b . 23, 1976

2. Results and Accuracy 0362780..
The experimental data is presented in Table 2. In the +70 f ra c-tion of the rough and clean concentrates, the white f i b e r balls of "tremoli te separated by gentle screening were found to be 0.32 and 0.22$

re spec t ive ly, in comparison to the values of •£Q.'$k and 0.25% by x-raymethod.
Again the tremolite contents were given in a range (tiax. and min.)in T a b l e 2, based on detec t ion limitations of the method.

3. Comparison of Material for 20 x 55 Circuitand End Products #*± and # 5 — — — — — — — —
The f ib er contents in the concentrates of the 20 x 65 circuit ared e f i n i t e l y less than those in the corresponding f e e d s , and also in line

with the end product #U- composite.
End product #5 showed quite a high f i b e r content ("v-3.5$) and alsoa high rock content. For a rough es t imate, the unexpanded material int h i s : c o m p o s i t e ' i s close to kerf, of the total.

OBSERVATIONS and COMMENTS
1. In the 8 x 20 circuit and the end product #1 and #2, most of the f i b e r s

present are in heavy bundles .and very small amounts of f in e f i b e r s except
some adhered to the surface of the vermiculite p l a t l e t s .

2. In the 20 x 65 circuit, most of the f i b e r s present are opened f i b r i l s
or smaller bundles. They tend to ball up into smal l-whi t e spheres while
the sample is being sized by screening.

3. In the e n d ' p r o d u c t s ^ and $5, the f i b e r s are too short to f o r m ba l l sbut are d i s t r i bu t ed widely throughout the matrix.
\. 7rcia T a b l e s 1 and 2. the concentrates in both circuits showed relatively-les s f i b e r than in the f e e d s .
5. The expansion of vermiculite f o l l o w e d by f l o t a t i o n is a good method for

separat ing the vermiculite from the rocks and the f i b e r , and the f i b e r
content is then determined by x-rays but the method is good only when
the vermiculite size is reasonably large (•— 70 mesh or l a r g e r ) .

6. For the small sized vermiculite sampl e s , the t r emol i t e content can bedetermined only from the sample d i r e c t ly by x-rays quantitatively. Ifthe need ever came to determine the rock content in the vermiculite,
chemical- delamination method with 15% L i C l can be employed. The method
has been described in a previous report (T&A U8522, 9 / 1 2 / 7 5 ) .

2 0 1 5 2 9 2 3
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To-: H. C. DueckerFrom: J u l i e C. Yang
Feb. 23, 1976

- 5 - Libby Ore Evaluation
Ore I m p u r i t i e s

r* /-* O>*< Q

C O N C L U S I O H S
1. The p o s s i b l e t r emol i t e content of end produc t s of each size «nd of concen-trates f rom the three circuits are:

Circuit

Humphrey S i z e r
8 x 20Scvgh concentrate

Clean concentrate
20 x 65Rough concentrate

Clean concentrate

Tremol i t e C o n t e n t s , percentRange
2.70 - 2.72

0.21 - 0.71
o.io - 0.59

o.U - 0.86
o.ylt - i.20

0.63
0.97

End Product
Composi te s #1

#2#3#4
#5

1.674.720.4l0.523.45

- 2.17- 5.22
- 0.89- 1.00- 3.97

1.924.970.650.763.71

2. Based on the experimental data, the approximate amount of tremolite presentin tons per day, out of each of the three circuits, will be as f o l l o w s :
Circuit
Humphrey Sizer
8 x 20
20 x 65

T o t a l Materials out of^
the circuit ( t o n s / d a y )

220
295
513

Mean T r e m o l i t e Content____(tons/day)_______
5-96
1.16
U.io

based on 22. L-.jt.a-s in a day.

The #2 compos i t e shoved the highes t t r emol i t e content (even more so than
# 5 ) , and the f i b e r s present are m o s t l y in heavy bundle f o r m , vi s ib le to
the eye. T h i s f a c t is also true for the material in the 8 x 20 circuit
and other coarse end produc t s #1 and #3. The tendency of f i b e r ba l l ing inthe 20 x 65 circuit shows that the f i b e r s are zcore opened or in thinner
bundles in a d d i t i o n to some extra f i n e s d i s t r i bu t ed throughout the endproduc t s #4-.and #5, which will lead to the b e l i e f that there is some degreeof down screening.

2 0 1 5 2 8 2 *
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• ' , - . I - 6 -•'To: H- C. Duecker ' Libby Ore Eval-oationProm::' J u l i e C. Yang Ore Impuri t i e s
Feb. 23, 1976

03627805
4. For quantitative x-ray analysis, the detec t ion l i m i t is about 0.2$. Be-cause of the variation in x-ray response from sample to sample (variablessuch as orientation, sample thickness, and packing condit ions), the - .accuracy of thesa datarrxinations is approximate ly ±0-5$ of the tremolitepresent. T h e r e f o r e , in Tabl e s 1 and 2, computations showed the mav-ttmimand Tn-tn-trniim tremolite content pos s ib le to be present in the sample.
5. A previous report on Libby vermiculite and tremolite density detexmina-tions (1/13/76) showed an appreciable density d i f f e r e n c e between tremolite( 2 . 9 2 - 3 . 1 ) and vermiculite (2.28-2.61 depends on the degree weathering)and the d i f f e r e n c e in morphology. Tremolite: can be separated from, verndcu-li te by air elutriation technique based on the d i f f e r e n c e .in velocity ofparticle settling. Meanwhile, the vermiculite p la t e s . can be "polished? .by.removing some of tha f ine dust and f iber adhered to t o e " s t u t f a c e : i n ' ; ' t n e : ' - « i rstream. A separate report wil l be w r i t t e n ? - t o ' d e s c r i b e / t h e details of thai:' a s p e c t ' S h o r t l y . " • ' ' • " • • - • • : ^ ' ~ ' ' '

6. The conclusions reached assume the samples are al 1 representative samples :.. .;Xof the operation. In reality, we know we have considerable variation in :r'f e ed quality from minute to minute, hour^to-hour, and certainly from pile-to-pile. .This experiment should be repeated to obtain a better f ee l for :, : 'this variation. The sampling -technique; is probably the.most s ignif icant ...'-~,'••..'•• \-problem in the study. Reasonably good analytical results can be obtained •.-••"•'...'-.-although very time-consuming. .About $2.QM of laboratory t i m e ' w i l l " be. re— v" .V.quired t o repeat this test. ' • ' ? ' ? ; ' ' • ' " ' ' ' ' : • : ' - ; - - - - - . : . • • ' -."-..- /--;;- - • . , - ; • . • ' ; • . • • . • ' " ; • : " • • " ' ' v . i S ^ - ; ^ j ' ^

J C T r m l r
Attachments

2 0 1 5 2 8 2 5
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C A M B R I D G E C O N F I D E N T I A L Z J X W R 2 ? .

TO; E. S. VPOd V. DATE: A p r i l 19, 1977 !' |

ROM; J u l i e C. Tang SUBJECT: T r e n o l i t e Contentt in ZONOLITS* Products
CO H. C. DueckerE. A. EschenbachF. W. Eaton.S:5:53S / A9MiNisT^?wHb»u.B. R. Wil l iaas C. C. Ou ' • -. ,"...•'. .: - -• "j. V. W o l t e r - S. C. Vaughan
-.i;:-V^v> l i i£ .- F i l e : T.

' . O B J i X T J l V K ;
_ ^ - ".. .:V.The ob j e c t ive of this study is to deternine the t r e r x a l i t e - ' ' c o n t e n t • - i n ' ' a l l - ; " . "/.;:<;" '- '' "<*" : - - . ' :"-"-;."-. r . Z O S O L T E products cade o f both Libby a n d Kearney vers tLculi te s . I n a f e w ' ' • .V.":.- '' • c a s e s , j r epe t i t i ou s analyses vere cade for product used on j ob- s i t e s , .so .--:" ':?' .--•' r e ' s u l t s ' . T -".-•.:- - • : " « ' • : . . ' " : - • • • . T v " .

When trerolite is detemiced. froa the product as rece ived, in. cost prod- •-•ucts treaolite vas not found by conventional analyt i ca l tsethods.- The .- .-•'••' •trace aaount^can be deterninsd only yhen. intensive concentration..techniques...::.^.,Care ripl nyedl:.:- T r e s o l i t e ' ' ' d e t a r i g i n f l . t i b n s j - J a r e then ' c a d e f ron t h e ' f r a c t i o n s ' b y : ; f % ' " "quantitative x-ray d i f f r a c t i o n analysis and vith the aid of pe tr cgraphic •• cicroscopic examination. . • . •
• 1 . T e r r a - L i t e Y e r a i e u l i t e s . . - V f t r x i t e . Redi-Earths n r d K e t r o - M L r e s , . ' ' • *

The echecatic cethod of analysis and the re sul t s have been reported inTiA 50HO vith United dis tribution. T h e y are also reported here asshewn in scheces 1, 2, and 3.
2. Scot t Turf Builder- _ . • •" . - •'.". .- ; " . '. . - • .

- The nethod. of concentration vas very siailar to that of Terra-Lite Vercicu- •. • lite scheme #1, except in the vater f l o t a t i o n s t ep . A longer s o a V l n g period..- vas needed to s o lub i l ize all the nutrients pr e s en t , which vas approx imate ly
"" 5035 of the-to tal veight.t . . .... . _ . - . . / .
3. Z I C . A t t i c F i n . Hasoanr F i l l ' .

Sane concentration ecthod as Terra-Lite (scheoe

s • E X H I B I T



T o : E . S . W o o d T r e n o l i t e ContentFroa: J . C . Y a n g in ZQNOLIT^ ProductsApril 19, 1977 Page 2

•V.

Analysi s of treaolit* in MOBOKOTS vas the cost d i f f i c u l t and tlce-consistingprocedure. The glass f i b er s were screened o f f , p la s t e r of Paris vas di«-•fiolved in water about 50-100 tiees the weight, .expanded veraiculite vw" •f l o a t e d o f f , and all the vashings vere combined; f i l t e r e d and dried. The.' •-. f i l t e r paper and the organic natter vere then burnt o f f ; the reeaining-.-" residue vas x-rayed for the tresolite analysis. Detailed separation, and. ' • concentration procedure i s shown i n . scheae £U-..•;'..,. . .- . . ••'
: >5.'ZOROLTTB 3300.V -\;. • _ii

Separation and concentration techniques are eioilar to that of MDHOKDTE,-' ' .V• but dilute acid (in ECl) vas used to digest the portland cesent binder - :- . .'•.'••instead of using large excess of water for so lubi l ir icg p l a s t e r of Paris. -'The procedure is shown in sche=s"ir5. " '
•• — • — • — .-r- — — — " ~ .-"~*.V-.~vi - - - • • - - • — — — --'.-" -.— -j ..._.;_. . "__-.i_;.• • • ' • ' • ' ' ' • ' • " , - . ' ' . " * " • ' . • • • • ' . « . . • '" . * • ' . " • • . . . • • * ' - . ' . ' • • . " • •

RESULTS'. • ' - • •;
A. Tre so l i t e Content in ZOSOLITS Products

&?*?ttt^^&&$£&^^
ID Ko. • Product Descr ip t i on ^ T r e s o l i t e

•1- 2
9 -

13
17I B - '

ZIC K-^ Kearney.ZIC K-U^5 B . '
Masonry F i l l K-4Masonry F i l l K-3
MS-U Kearney 3~ M K - 5 Kearney 3

' Terra-Lite Kearney• •• Terra-Lite T.R.

1̂ 715
1.605.0501*

<0.03<0.08 ' '
U.319 • • - . . - • : ' '•: J -;-O.Olfi ' ' ' • ' "

20 ' Metro Mix 200 T.R. • (as r e c ! d ) 0:398 • .(dri ed)* . 1 * 7 7 : ' - '
_21 _____ 525i:?H*^-___.?l?i_.w ________ : __ (M_ree^d)_O.OU8_ ( d r i e d ) .071_
23 ( 5 ) . Verxite Carrier Grade gk, Keamey ( S t . L o u i s ) 0.083 (<0.008) * . .26 Metro-Mix 300, T.R. . (as rec'd) 0.081 ( d r i e d ) 0.12L27

Metro-Mixes and Redi -Earths were comuted both in as-receivedbasis and oven-dried basis since the product has substantial
amount of coisture.
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Treooli te Contentin ZQHOLITEf* Products
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K Q ..06 "•
Product Descriptioa

C-l*. (L-3) West Chicago
Treaolite

< 0.10
-9; .•<•"• ' T e r r a - L i t * , W . C h i c a g o 0.035
281U
1512-3
22

r>:; Redi-Earth (L) Santa Ana ' •' " - V - ..Redi-Earth (L) W. Chicago
' . - • • - V ^ H f t t r o - H i x 200 (L) W . C h i c a g o . ;"..••; . '- Zonolite 3300 (L-3) W. Chicago '. •'-:-• .^: Concrete Aggregate (LUD-18) W. Chicago

.'• •' '•• Scott Turf Builder (L)"Dari: ' - .;' :- •- 1 " ' ' S c o t t Turf Builder ( L ) light

(as
CaS,

••.

r e c ' d ) .031<0.02
V^ <O.OOT
• • • -=0.009-=0.009

(dried) .051
Ur^X-O^

. ' ~ • .

B. Trecalite Content la Zonolite Job-site S a a p l e s
U) Ko.v~.28 :51 .
5558 -•57- -

Product Descriptioa
;.Z£ Roof Deck : (£ U/5 B)
Rcdi-Earthttoaokote-5 (L-3)Kasonry Fi3ZIC (K-4)Kasonry F i l l (L-3)

(L-3)
Kashburn

Location
Kontgoesry, Ala.Colusbus, OhioForest "Service, Santa AnaSan Diego .••"""W.Paln Beach, F l a . .« • =Edison E.S., Miaoi, Fla.& Coe *Bldg., OklahomaHyatt Regency, D a D j j s .

Treaolite .
2.828o ' .050 .
0.031 (.051)

2.86O.U?60.2500.2̂ 0
oven-dried, basis

DISCTSSIOIT ard COV^CTTS
1.-Soce of'the Kearney products shoved high "treoolite" content since x-ray d i f -fraetioa cathod cannot distinguish cassire treaolite (Eornblende?) and fibroustreaolite. Microscopically, cost of the Kearney caterial shoved, trace or- absence of f ibers . • '

• . » * **
2. Treeolite f iber s can be reduced if "a screened verniculite is used such as inverxite. We have observed that cost of the f i b er s are concentrated in thef ine s .

t •



E. S. Wood

ia l*sa tbaa

- ' "
( ' • .



• !. SCHBW M*"* F ° R B B I
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" — — U - r a y e d int r i p l i c a t e
. ' - l -x-n^dintr lp l i ca«*' . • • - - --ntent

?• * î* t̂ ••̂« •• ••%.-.•• •.
•„, v,--. ---.-^••--::.

— — . -f.

. f "".

J u l i e C. Yang
A p r i l 19,



2. T r e s o l i t e Determination In Redi-Earth

Redi-Earth (350 g)
overnight; I oven dried at ILO'C

coapute the noisture coateat

ji overnight
! • *:• vater

..in furnace at 500*0 (to burn o f f - t h e . '" c catter) " ' •
to so lubi l ize the nutrient

v a t e r - f l o t a t i o n - ; — . . • - • - • — . : - . . " — ;.— . - • — r *.-.^

proce ed asprocedure #1

sua.

T o t a l T r e c o l i t e

J u l i e C. Yang
A p r i l 19, 1977



3. Treao l l t e Deterainatioas jg K a t r o Mix
Metro-t-!ix S a s p l e (UOO g) •

t. ' . . overnight! oven dried at 100* C. SrMoisture Content Determination4 ^̂ ^W V^^ W W^*U VW** W **>» <r^»»«™*ta**««» ivabw ••

• * overnight£ln furnace at 500* C ( b u m ' o f f peat ooss/I • * pine bar f c , . e t c .) ' .vater yto solublize the nutrient
fva t er f l o t a t i o n

ovemlgtrt oven-dried. no* c

Gravel, S a n d T Doloeite, Caleite~~ ,hee.v7 par t i c l e s (ire so l i ta)
- 20 cssh-screen— -* - .....

"•-" '.-. f l e e dneral dusts.,.sand, etc.
•t- f c eaw taar t i e l e s

S g ^ d ,•t-' coarse rMrera l " ' "veighed p a r t i c l e s
v , . overnight j oven-dried overnight (oven dried '.^ no* c

> L v e i s h ed
*• 110' C
J v e i g h e d

x-rayed
Treaol i t econtent

f -x-rayed .V* •Treso l i t e •content
fac tored

: . . • x-rayed .-
' • ' . ' ' ' ^ ' ' •- Tre=oli te •content

fac tored

,, suaT o t a l T r e a o l i t e

J u l i e C. Tang-
A p r i l 19, 1977



T R P O C I T E D E T E B M D f A T I O I f I K H 3 N O K O T E

H3NOXPT5 (200 g)

gla s s f i b e r Vn. & g la s s f i b e r
band pick

p l a s t e r of Parts .^"so=e short f i b er s . & f i n e s

' • ' W a t e r -

vater

f i l t e r e d -
Tdried & vekghed

f t l t r a t i o a

boiL to s o lx ib iUrecp la s t e r

repeated cany tice:
,total j r o l u = s _ p f _^___vater used «» !- •-10 Liters 1 ~ T : " ; " :

o v r J m i g h t to burn off the
organic natter

Residua
0.5N EC1,

Ya & l i g h t f i n e s rock & f i b e r
f i l t e r e d

«
dried t weighed

f i l t e r e d
dried
weighed

x-rayed' ( in t r i p l i c a t e ) • • - • •

j u l i e C. Yang
A p r i l 19, 1977

T R Z M O L I T 2 C O N T E N T



5 - T R S O L I T E D o T E S M I K A T I O t f I N Z O N O U T S 3 3 0 O

ZOUDLITE 3300 (200 g)i Screening

20M

co s t ly g la s s •.. f i b e r
acid rasa
250 nl

in EC1

p l a s t e r , Vn. -~-:.rock and f i b e r

Water vash

boil nl.in . ' a c i d . ". ."..";"• d i g e s t i c n

Water f l o t a t i o a

f i l t e r e d ^ dried . ..-..,-....
L . . . . ._..._

' • -• -* i-Va.( s i l i c e o u s ' h e a v y f i n e s
I

• 1 1 0 ' C

in t r i p l i c a t e
... ..... ...N'

T R E K O L I T E

f i l t e r e d

dried

veighed

x-rayed

J u l i e C. Yang
A p r i l 19, 1977
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T O : E . S . Wood \
F R O M : . J . C . Yang

c c. R. M. V i n i n g
B. R. W i l l i a m s
J . W . W o l t e r

W . R . H a n l o nD. M. KirvenR. C. Eric son
R. H. Locke
F i l e : 7:

D A T E :

S U B J E C T :

H . C . Duecker
H . A . EschenbachB. A. B l e s s i n g t o n
C. C. OuF . W . Eaton0. M. F a v o r i t oS . C . Vaughan

May 16, 1977
T r e m o l i t a & Vermicu l i t e Contentin L i b b y & Kearney Ore D e p o s i t *and Expanded V e r m l c u l i t e s

O B J E C T I V E
The o b j e c t i v e of this s tudy is to determine the vermicul i t e and trem-

oli ta content in ore concentrate and expanded vermiculite f r om the Libby
and Kearney mill*. A sampl e of the head f e e d f r o m the Libby m i l l s , f r o mwhich all the Libby ore s a m p l e s were d e r i v e d , is also analyzed as a check
for the e f f e c t i v e n e s s in f i b e r removal of the Libby opera t i on .

T h e s ampl e s analyzed below a r e s ing l e s a m p l e s o f concentrate ° r e x -
p a n d e d p r o d u c t , s e l e c t e d at random. ¥• d» not too. how accnratf^*he"r>saaplw represent the arera*. vltb r«pe<^»<n«xLit* (<?» M^??1f ^±eS) content. Purtb«- .«5lH» 1̂11 «• reqizlre^ to be t t er e s t a b l i s h more
t y p i c a l or average values.

The r epor t ed t r e a o l i t e content cay i c c l ud e other amphibo l e m i n e r a l s ,no.-nbl tndo, which cannot be d i d t i n g u i s n e d f r om t r e m o L L t e .

S A M P L E D E S C R I P T I O N
All tha analyse, made in this report were s ingl e sample analyses.

F r o m the materials submit t ed in 5-10 Ib. Q u a n t i t i e s , they were quartered
very c a r e f u l l y "and r e p e a t e d l y until the d e s i r ed s a m p l e sizes (200-3OOg r a L ) were obtained, which were e x p e c t e d to be f a i r l y r e p r e s e n t a t i v e .
However , the range of variations in f i e l d s a m p l i n g and in the g e o l o g i c a lf o r n a t i o n s were not e s t a b l i s h e d , so that the r e su l t s observed may only
i n d i c a t e a ba l lpark f i g u r e with ±10ji of accuracy.

150258<n



- 2 - 02225286
T o : K . S . W o o d
F r o m : J . C . Y u n g
D a t e : May 16, 1977

T r e m o l l t e & V e n n i c u l i t e C o n t e n t
in Libby & Kearney Ore D e u o a L t s

and E x p a n d e d V e r a i c u l i t e J

I D N o .
99952-3199952-3299952-3399952-31*
99952-35
99952-3699952-3799952-38
99952-39-99952-^*0

D e s c r i p t i o n Date and Source

99952-Ul
9995 2 -U299952-U3
99952-U6

Ore Conc en t ra t e L-lOre C o n c e n t r a t e L-2Ore Concen tra t e L-3Ore C o n c e n t r a t e L-k
Ore C o n c e n t r a t e L-5
Ore Concen tra t e K-3Ore C o n c e n t r a t e K-UOre Concentra t e . K-5
Expanded Verndcu l i t e L-l
Expanded Vermi cu l i t e L-2
E x p a n d e d Vermicu l i t e L-3

( T e r r a - L i t e )
Expanded Verai cu l i t e K-3
Expanded Vermicu l i t e K-U
Expanded V e r m i c u l i t e K - 5
Libby H e a d F e e d - a. co=positeof 3 s h i f t s

3/10/77 - R. L. Oliverio"

3 / 1 / 7 7 - E. D. Lovick

3/7 /77 - 0. F. Stewar t

3 / 2 1 / 7 7 - F. W. Eaton

3 / 9 / 7 7 - F . W . Eaton

3 / 3 / 7 7 - 0. F. Stewar t

3/9/77 . Oliver io

t -ETHOD
1. T r e s s o l i t e Analys i s of Libby #1 and #2 C o n c e n t r a t e :

S i n c e the f i b e r bundle s and the rock a g g r e g a t e s are unusually large, tremo-
l i t e f i b e r bundle s and rocks were f i r s t s e p ? r a i e j by h a n d - p i c k i n g of a
c a r e f u l l y quartered sampl e . T h e veraiculi te w a s t ' j e n separated f r o m t h erock by screening. Rocks and f i n e s in the -50 mesh f r a c t i o n were x-rayed
f or quant i ta t ive d e t erminat i on o f t r eno l i t e . The total t r e r a o l i t e vasobtained as the sum of f a c t o r e d portions f r o m hand-picked and the f i n e
por t i on s . The scheme of analys i s is shown in F i g u r e 1.

2. T r e c o l i t e A n a l y s i s of #3 Ore C o n c e n t r i t s :
The c on c en t ra t i on of rock f i n e s and t r e m o l i t e f i b e r f r a c t i o n s are shown "n
F i g u r e 2. V e r m i c u l i t e was s epara t ed by chemical e x f o l i a t i o n with 30^
f o l l o w e d by water f l o t a t i o n .

1 5 0 2 5 8 9 4
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T r e c o l i t e £ V e r . n i c u l i t < J C o n t e - n r
in L i b b y & Kearney Ore D e p o s i t .and E x p a n d e d V e r i i i c u l i t e s

02225287
3. T r e t n o l i t e A n a l y s i s of #U and ifi Ore C o n c e n t r a t e :

A set of f i n e r screens than the ones used in analyz ing #3 ore was s e l e c t e d
for t h i s s epara t i on . A diagram of the procedure is shown in F i g u r e 3. ..

k. Trenoli te Analy s i s of Expanded Veroiculi te ( s i z e #2 to £$}
Tha expanded vermiculi te s are easier to work with since they were- ***™***already and the perc en tage of rocks and f i n e s were lover than those of the
corresponding ore concentrate s .
The procedure for analyses is shown in F i g u r e s U and 5, r e s p e c t i v e l y .

5 . T r e m o l i t e A n a l y s i s o f t h e H e a d F e e d :
The head f e e d sample f r om the Libby mill was ob tained one day b e f o r e theore c o m p o s i t e c o l l e c t i o n f r o m the s creening p l a n t , and is the s t a r t i n gmaterial f r o m which the ore c o m p o s i t e s were obtained. The analys i s was
more c ompl i ca t ed than the o thers since the size varied over a wide range
and the non-verndculi te por t ion was very high. The t r eao l i t e c onc en tra t i on
procedure is shown in F i g u r e 6.

6. Vermicu l i t e A n a l y s i s of Ore C o n c e n t r a t e s :
To cross-check the verraiculi te ana ly s i s f r om the scheme shown in F i g u r e s
2 and 3, for ore c ompo s i t e s #3 and #5, a 100 g ore sanp l e was taken and
expanded in a furnace for 5 minutes at 1500*7., then allowed to cool at
ambient condi t ions for hair an hour. In genera l , a we ight l o s s of about-ft r e su l t ed f r o m heat expans ion. By previous e xp er i enc e , a higner vcr.-oicu-
l i t e y i e ld will result f r o m chemical e xpan s i on since some of the p o o r l y
weathered vermiculite will not readi ly re spond to beat expans ion tut wi l lexpand in H^. The c o m p l e t e analyse s of the Libby and Kearney veroicu-
l i t e s are shown in T a b l e s 1 and 2.

7. Evaluation of F i n e ?iber C o n t e n t :
In T a b l e 1; a breakdown of the t r emo l i t e f i b e r in ore concentrate by size
f r a c t i o n is also shown. The f i n e s (-501-1 for size L-l to L-3; -100M for
s ize L-l* and L - 5 ) can be cons idered to be the maximum linit of the res-p i r a b l e f i b e r por t i on ( p r o v i d e d no f u r t h e r vigorous =echanical d e g r a d a t i o n
of the material takes p l a c e in h a n d l i n g ) .
We have also hand-picked the f i b e r bundles f r oa two L-2 ore concentrate
s a m p l e s and run them through the a ir-e lu tr ia t ion coluinn built in the lab-
oratory. We then c o l l e c t e d the airborne p a r t i c u l a t e through a series oi
s creens and then on a wet f i l t e r under vacuum. The screens used were graded
' ; o e l im ina t e t h e b l o c k a g e o f t h e f i l t e r b y large dust a g g r e g a t e s a n d lonCf i b e r s . T h i s e x p e r i m e n t i n d i c a t e d t h e f i b e r bundle s were f a i r l y s t a b l e . A t
ihs end of 30 ainutes of the car e l u t r i a t i o n , the r e s u l t s are as f o l l o w s :

1 5 0 2 5 8 9 5
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T o ; E.3.Wood
F r o m : J . C . Y a n g
Date: May 16, 1977

T r e m o l i t e & Venni cuLi t e C o n t e n t
in Libby & Kearney Ore D e p o s i t s

and Expanded Vertaicui i t e02225289
The f i n e size (and p o t e n t i a l l y r e s p i r a b l e s i z e ) tremol i t e f i b e r content s in
the Libby ore compos i t e s were very lov (in the order of 0.01%) for L-2 ore-conc en tra t e . F i b e r bundle s usually remain intact under normal op era t i on s
and are concentrated in the stoner. Sooa of the small f i b e r s present be-tween venniculita p la t e s may bfi. loosened during the expanding operation, --the amount yet to be determined." Another p o s s i b l e source of re spirablesize f i b e r s in expanded product is the breakdown of f i b e r bundles duringheat expans ion. T h i s will be inve s t igated short ly. When all the sources
are i d e n t i f i e d and the approx imat e amounts become known, a method for more
e f f e c t i v e removal or reduct ion can be sought vith some c o n f i d e n c e .

J u l i e C . Yang
J C Y : m l r
at tachments

1 5 0 2 5 8 9 7



T o : E . S . W o o d
F r o m : J . C . Y a n gDate: May 16, 1977

T r e m o ,<J tt V e r m l c u l i t e C o n t e n t
in L i b b y & Kearney Ore D e p o s i t s

and E x p a n d e d V e r n i c u l i i e

-31

-32

-33

-3U

-35

-36

-37

-38

-1*6

TABLE 1 02225230
T r e m o l i t e Cont en t o f Ore Concentra t e

D e s c r i p t i o n
L-l

L-2

L-3

L-U

L-5

K-3

K - U

K-5 .

Head F e e d ,
Libby

Date

3/10/77

3/10/77

3/10/77

3/1/77

3/1/77

3/1/77

3/1 /77

3 / 1 / 7 7

3/9/77

"^ Vo. ^ T r e i a o l i t e

91.7 ( + 5 0 M )( - 5 0 M )

91.2 (+50M)
( - 5 0 M )

78.1 (-I-50M)( - 5 0 M )
70.1 ( + 7 0 M )

(-70 +100M)
(-100M)

63.9 (+70M)(-70 +100M)

72.0 . ( + 5 0 M )
( - 5 0 M )

75.1 ( + 7 0 M )(-70 +100M)
( - 1 0 0 M )

76.6 ( + 7 C M )
( - 7 C T -t-lOOM)

(-100M)
7.0** ( + 6 M )

(-6 +20M)

1.2
.005

2.5.018
.653.013

.232.009
.1191.0161.913

l.6o.158
8.903

.1*92
0.871*2.07013.031*
1.302

<j. TotalT r e r a o i i t e

1.2
. %*.

2.5

0.7

1.7

3̂ 0

1.8

10.0

25,2

(-20 +70M) 1.235( - 7 0 M ) .609

I n c l u d e s ai i -mphibole minerals .
*•The material f l a t t e d a f t e r e x p a n d e d wi th 30^

C O N F I D E N T I A U



T o : E . 3 . W o o dF r o m : J . C . Y u n yDato: May 16, 1977
T r e r a o l j . » , e & V e r n l c u l i t o C o n t i n tIn L i b b y & Keornoy Oro H c n o a i t aand E x p - i n d e d V e r n i c u i i t j

TABLS 2
T r e n o l i t e Content of Expanded V e r m i c u l i t e

02225291

I D N o .

99952-39
99952-to"

99952-^

99952-1*1

99952-U2

99952-1*3

D e s c r i p t i o n
L-l

L-2

t-3

K - 3

K - U

K - 5

DateC o l l e c t e d
3/18/77

3/18/77

3/9/77

3 / 3 / 7 7

3 / 3 / 7 7

3 / 3 / 7 7

%V e r m i c u l i t *
97.7

97.1

97.7

91.0

79-1*

U8.7

., *T r e a o l i t e
o.crjk
0.028
O.Ql+9

. 1.6* '

7-9*

i n t e r f e r e n c e

I n c l u d e s a l l a m p h i b o l e mineral s .

C O N F I D E N T I A L



C C N -r: - E I s i T; A L'

THEMDLITE ANALYSIS OF £1 an-J #2 ORE COMPOSITES

S a m p l e ( 2 0 0 g )
?1 or

F i b e r s Bundles V e r a i c x i l i t e , Rock and F i a s a
Screening

+50M

Vermicu l i t e

-50M

p.ock and F i n e s

x-rayed

T r e a o l i t e Cont en t

f a c t o r e d

sua
T o t a l T r s n s o l i t e

J . C % Y a n g : n l r
1 5 0 2 5 9 0 0



C O N F I D E N T I A L
J°2 2

2 ) T R E M 3 L I T E A N A L Y S I S O F # 3 O R K C O t ' J C 3 I T S

Saaola
#3 (150 g)

5293

Vm. E x f o l i a t i o n

Oven dr i ed

I

Vm Heavy f i n e s

f i l t e r e d

dr i ed

we ighed

f i l t e r e d

dried

I weighed

Vm

C/U-6 hours

weighed

x-rayed

T r e m o l i t e

T o t a l T r e m o l i t ? C o n t e n t

5/16/77



F X J U K - :
3 ) T R L M O L I T E A N A L Y S I S O I ' / . ' U a n d !!*) O R Z C C . M F O U i T E

S a m p l e (150

e x f o l i a t i o n

overnight

TOM

30*

dried (§ 110 *C

water f l o t a t i o n

- 70 + LOOM

f i l t e r e d

dried (§ 110
w

weighed

x-rayed
Rocks and F i n e s

f i l t e r e d
•t

overnight dr i ed <§ 1 1 0 ' C

w e i g h e d

T r e n o l i t e

x-rayed

T r e a o l i t e

o t o l T r - a o U t e

5 / 1 6 / 7 7

- IOOM
. **.

f i l t e r e d

dri-d § 110*C

weighed

x-r=yed

T r e m o l i t e

f a c t o ! ted

1 5 0 2 5 9 0 2



Fir.t/ns u
U ) T R E M D L I I E A N A L Y S I S O P # 2 , # 3 A N U £ U E X P A N D E D V E R M I C U L I T K

E x p a n d e d V e r t n i c u l i t e ( 2 J O y )

<- o O

water f l o t a t i o n

Vm H e a v y F r a c t i o n

f i l t e r e d

dr i ed

we ighed

Via

J . C . Y a E g : m l r
5/16/77

Vm and some f i n e s m o s t l y rocks and f i n e s

f i l t e r e d

1 wasbed I
f i l t e r e d

washed

dried

x-rayed

dried

x-rayed

T r e m o l i t e

f a c t o r e d

T r e a o l i t e
/f a c t o r e d

sum

T o t a l T r e T o l i t e



C O N . - J D Z N T I A L

5 ) T R E M O L I T B A N A L Y S I S O F # 5 E X T ' A N D i D V E R M T C U L I T E

E x p a n d e d V-rn (250 g) #5

F I G U R E

01Z 2.5 2.̂ 0

i f i l t e r e d

dried
f

weighed
• s '

Vm

Heavy F r a c t l o a

f i l t e r e d

dried and weighed

x-rayed

T r e m o l i t e C o n t e n t

f a c t o r e d

T o t a l T r e a o l i t e

J . C . Y a n g . - n x L r
5/16/77 1 5 0 2 5 9 0 4
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6 ) T R E M O L I T E A N A L Y S I S O F T I C S I E A D F Z Z D
A he»d f e e d f r o t a L i b b y was analyzed f r o m whi ch the ore c o m p o s i t e
L - l , L-2, L-3 and L-U were ob ta ined.

H e a d F e e d ' j O O g )
s creening -

-70M

E x f o l -
ia t ion

f i l t e r e d
30*

water f l o t n t i o i

VQ H e a v y Par t i c l e s

V a T r e a o J - i t e

T o t a l T r » r o L i t e 1 5 0 2 5 9 0 5
...5 / 1 6 / 7 7
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ermine I t r e » i J t e $ 1 n / C P D v e r m i c u l l t e and/on!Bser s jproduc t . ; . . ' j ; - 4 1

r e la t i on between userfpersonnel e xpd sur eTto^e i o l i t e a t ' j o b : : - 5 S .^Correlation betweeiTuser?personnels i te and 1 t r e i o T f t e In verai cu l i t e used and/or product produced:"
__. . . . . .SPECIFIC OBJECnVK: C o l l e c t data on t r eno l i t e content on verv i cu l l t e produc t sused b y C P O customers. . : . . " • ' -

• SICGESTZD APPROACH:

A D M I N I S T R A T I V E R E C O R D

DEADLINE (Last day information vill be of value): R o u t i n e - r * f e r e r . t c user e xpo sur e
f i b e r a n a l y s i s T & A. .

DETAILS OF
1. L 12 V. C h i c a g o m a t e r i a l used at A m e r i c a n Hospital S u p p l y / U a u k e g a n .
2 . L II A t t i c M i l w a u k e e mater ia l used a t A l d r i c h C h e m i c a l / M i l w a u k e e .

Above used as p a c k a g i n g m a t e r i a l :
'

ACCEPTED BY RESEARCH
A S S I G N E D T O :
A D D I T I O N A L C C P I C 3 : O r j c i n a l _ t o l . i brarv . H * C . D u e ^ c k A F . W . E a t o n , T . E . J ^ T . i l t o n , J ^ W . W o l t - r .

C /H1 r«' r n R- -T P.? *^V !'= ,^ !iU / l - V l l r f L v i I L - . ; L : l . / - i i - 1 5 0 3 5 5 2 1
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PACE 2
REQUEST FOR 1ECHNICAL S E R V I C E KUMBER:CROUP: C P D Z O N D L T T S

A C T U A L C O S T : $15O.OO________REPORTDtO DATE: March 1. 1Q78

S t B W A R T :

i •.-.,•»••"• • C U U b C u —••«:V-..A jj-.»'.-...£- .- _.

V » j ^ ^ ^ : " i " ' ' ' - - " - : T V O » M I » l g ' - t ! ' s t » b i - i t t e d were analyzed~fbr r their trenolite ' ' ' S ^ f i i l ^ t ' ' . '

K E 3 D L I 3 :

. S a m p l e ID
- 295-3-1

• 295-3-2

Description Oser
L - 2 , CMcago material ' American Hosp i ta lS n p p l y inVaukegan, Il l ino i s

Tre-ol i t e
0.035 *

L - 1, A t t i c Milwaukee Aldrich Cheaical,•aterial osed as pack- Milwaukee, Wis con s in
ing aaterial

0.083

Reference: Notebook 295-3 ( S V )
X-ray chart: 900 #12

J C T t m l r
J u l i e C . ' i a n g

1 5 0 3 5 5 2 2



C A M B R I D G E

TO: H. C. Duecker
F R O M : J u l i e C. Yang

CC: H. A. grownJ. W. W o l t e r
R. L. Oliverio/Libby
R. J. K u j a v a / L i b b y
G. G. V a p l o n / L i b b y
0. F. Stewart/EnoreeR. H. Locke '
J. L. YoungPile: 71-OU8\

D A T E :
S U B J E C T :

February 23, 1976
Libby Ore Evaluation

Ore I m p u r i t i e s

03627500

PURPOSE
The o b j e c t i v e of this investigation is to determine the tremolitecontent for each of the three mill. circuits and end product s at Libby.

S A M P L E S E L E C T I O N
Sampl e s have been collected by G. Vaplon:

(a) material which entered the circuit,(b) material which came out of the circuit,(c) screened plant products as control and comparison with (a) & (b)
Fourteen materials were received:

( 1 )
( 2 )( 3 )
( 7 )( 8 )
( 9 )

( 1 0 )
•(11) '
( 1 2 )

( 5 )( 6 )
( 1 3 )

8 x 2O8 x 20
20 x 65
20 x 65
8 x 208 x 20

Clean Cone;Rough Cone. •Rough Cone.Clean Cone.Rough F e e dClean F e e dRough F e e dClean F e e d#1 Compos i t e#2 Compo s i t e
#3 C o m p o s i t e#!f Compos i t e
#5 C o m p o s i t eHumphrey S i z e r Concrete

20 x 65
20 x 65

12/3/75 9:OO a.m.

E X P E R I M E N T A L
I ) Humphrey S i z e r

1. S e p a r a t i o n .
The rock and f i b e r were s eparat ed f r o m the vermiculite p l a t e s
by hand-picking.

2. Method of Analy s i s
Each p o r t i o n has been weighed c a r e f u l l y and then x-rayed for
the ir mineral content.

| 068ETX02076|



• T o : H. C. Duecker
From: J u l i e C. Yang

F e b . 23, 1976

- 2 -
Libby Ore Evaluation

Ore Impur i t i e s

3. Results and Accuracy

Vermiculite
Rock
Tremol i t e

T o t a l

W t .

03627801
Accuracy %

86.71 ±0.1*3 a p p r o x J
10.58 ± 0.05 approx.
2.71 ± 0.01

. The rock content nay be higher than the f igure shown at theexpense of v ermicu lJLte , since some of the granules can be classi-f i e d as vermiculite f in e aggregates (showed vermiculite x-raypattern) but may not be expandable as we previously found (report11/3/75 - Propert ie s of Libby Vermiculite Ore). The f i b e r portionshoved a good x-ray pattern of pure tremolite vith no rock contami-nations .

II) 8 x 20 Circuit and End Products #1, 2 & 3
1. Separa t i on

The samples in this group were sized by E o - T a p screening to +50 and
-50 f ra c t i on s . 100 gram vermiculite sample was Ro-Tapped for 16 minutes
t o t a l , a ten minute increment f i r s t , then three 2 -mi n .consecutive intervals
to insure the achievement of constant weights.

Then from the +5O size frac t ions , f ibers were hand-picked and
weighed. The bulk materials remaining were then, chemically expanded with
30£ H2O2 individually. The light expanded vermiculite thus was separated
from the heavy rocks and f i b e r bundles by water f l o t a t i o n . Both portionswere c o l l e c t e d , dried and weighed, then ground to -100 mesh and sub j e c t ed
to x-ray examination.
2. M e t h o d of A n a l y s i s

T r e m o l i t e remaining in the sample s was determined by quant i ta t ive
x-ray d i f f r a c t i o n analys i s , and the values were added to those of the
V i a . T i f l - p i c k e d t r emo l i t e . In quantitative x-ray analysis a. calibration
curve was constructed tc i=termine t r e n o l i t e by a d d i n g 2. V".oT"r. amount of
Libby t r e m o l i t e (hand-p i cked f r o m #2 c o m p o s i t e , opened and c l e a n e d ) to
a. hand-picked pure vermiculite sample . The curve was made for da Germina
t ions up to 1C$ t r emo l i t e .

The total area under the 2.6= 2 8 - 5 ° in the d i f f r a c t i o n p a t t e r n ,
the peak re sponded to the max i n t e n s i t y peak of t r e m o l i t e , was commuted
for the quantitative s tud i e s , and a second peak (he igh t only at 2& =
1 0 . 5 ° ) w a s employed a s a check f o r t h e in t e r f e r enc e ( F i g u r e l ) .

2 0 1 5 2 8 2 1



To: H. C. Buecker - - 3 - - Libby Ore Evaluation
F r o m : J u l i e C. Yang Ore I m p u r i t i e sF e b . 23, 1976

0362780a
3. Result and Accuracy of A n a l y s i s

Experimental results are l i s t ed in T a b l e 1. S i n c e the d e t e c t i o nlimit of tremolite by x-rays is about 0.256 in a s p e c i f i c sample , forvery low concentration occurence tremolite has to be concentrated inthe sample by removing the bulk of vermiculite. Vermicul i te can be
removed easily by chemical expansion with 3tft> H g O g f o l l o w e d by f l o t a -tion.

On the chart, three tremolite contents (ac tual ly the range) weregiven based on the de t ec t ion limitations.

k. Comparison of Material froa. 3 x 2C Circuit andEnd Products Compos i t e #1, #2 and W$—————
The rock content of composites #1 and #2 are in line with thoseof the concentrates in the 8 x 20 circuit, but the tremolite contentin these composites are d e f in i t e ly higher than the concentrates. Theexceptionally high tremolite content is noted in Composi te #2. The

f i b er contents in the 8 x 20 concentrates are s l igh t ly less than those
in the corresponding f e e d s .

I l l ) 20 x 65 Circuit and End Products Compos i t e s f f i . and #5
1. S e p a r a t i o n and Analys i s

The sample s in this group were sized by Ro-Tap screening to 3f r a c t i o n s , namely +70, -70 +100 and -10O mesh size using the proceduredescribed in S e c t i o n II j_.
In the +70 f ra c t i on of rough and f i p a n concentrates, the f ine

f i b e r s present rere b i l l ed up to pea-s ized white ba l l s , which wereseparated by gentle screening. The f i b er b a l l s were retained on a 50
mesh screen and weighed. To check the f i b e r content, the weighed f i b e r
ball s were broken and redistributed in the sample and subjec t ed toquantitative x-ray determination. Since the f i b e r contents were very
low, vermiculite in thesa sample s were expanded chemically and then
removed by f l o t a t i o n pr ior to x-ray analysis.

In the -70 -KLOO and -100 mesh f r a c t i o n s , t r emo l i t e was d e t e r r J L n e d
d i r e c t l y f r om the sample as rece ived; since the vermiculites present in
these sizes are f a i r l y small, the expansion and f l o t a t i o n will not s ep-
arate the material e f f e c t i v e l y .

I 0 6 S R T X 0 2 0 7 8 I



To: H. C. Duecker Libby Ore EvaluationFrom: J u l i e C. Yang Ore Impuri t i e sF e b . 23, 1976

2. Resul t s and Accuracy
The experimental data is presented in Table 2. In the +70 f rac-tion of the rough and clean concentrates, the white f i b e r balls of "tremolite separated by gentle screening were found to be 0.32 and 0.222&

re spec t ive ly, in comparison to the values of <0.3̂  and 0.25% by x-raymethod.
Again the tremolite contents were given in a range (nax. and min.)in Tabl e 2, based on detection limitations of the method.

3. Comparison of Material for 20 x 55 Circuitand End Products #i* and #5"
The f i b er contents in the concentrates of the 20 x 65 circuit are

d e f i n i t e l y less than those in the corresponding f e e d s , and also in line
with the end product #U composite.

End product #5 showed quite a high f i b e r content (*v-3.5$) and also
a high rock content. For a rough estimate, the unexpanded material inthis :composite is close to kof, of the total.

OBSERVATIONS and COMMENTS
1. In the 8 x 20 circuit and the enrt product #1 and #2, most of the f i b e r s

present are in heavy bundles and very small amounts of f ine f iber s exceptsome adhered to the surface of the vermiculite p l a t l e t s .
2. In the 20 x 65 circuit, most of the f i b e r s present are opened f i b r i l s

or smaller bundles. They tend to ball up into small white spheres whilethe sample is being sized by screening.
3. In the end product s #4- and #5, the f i b e r s are too short to f o r m ball s

but are d i s t r i bu t ed wide ly throughout the matrix.
'-•,. I T r c a T a b l e s 1 and 2. the concentrates in both circuits showed relatively-less f i b er than in the f e e d s .
5- The expansion of vermiculite f o l l o w e d by f l o t a t i o n is a good method for

s e p a r a t i n g the vermiculite f rom the rocks and the f i b e r , and the f i b e r
content is then determined by x-rays but the method is good oaly when
the vermiculite size is reasonably large 0~ 70 mesh or l a r g e r ) .

6. For the small sized vermiculite s a m p l e s , the t r emo l i t e content can be
determined only f rom the sample d i r e c t l y by x-rays quant i ta t ive ly. Ifthe need ever came to determine the rock content in the vermiculi te ,
chemical ' delamination method with 15% LiCl. can be employed. The method
has been described in a previous report (T5-A U8522 , 9 / 1 2 / 7 5 ) .

2 0 1 5 2 3 2 3
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- 5 -Ta: H. C. DueckerFrom: J u l i e C. Yang
F e b . 23, 1976

Libby Ore EvaluationOre I m p u r i t i e s

C O K C L O S I O H S
1. The p o s s i b l e t r e m o l i t e content of end produc t s of each size »nd of concen-

trates from the three circuits are:
Circuit

Humphrey S i z e r
8 x 20

" D r t T ^ / T 1 * * *+r*>^r+ai*

Clean concentrate
2O x 65Rough concentrate

Clean concentrate

Tremol i t e Content s , percentRange
2.70 - 2.72

0.21 - 0.71
o.io - 0.59
o.U - 0.86
0.7k - 1.20

0.63
0.97

End Product
Composites #1

#2
#3#̂#5

1.67 - 2.17U.72 - 5.22o.Ui - 0.89
0.52 - 1.003.̂ 5 - 3.97

1.92f c . 9 70.650.763.71

2. Based on the experimental data, the a p p r o x i m a t e amount of tremoli te presentin tons per day, out of each of the three c ircuit s , vill be as f o l l o w s :
Mean T r e m o l i t e Content

Circuit
Humphrey S i z e r
8 x 20
2O x 65

T o t a l Material s out of
the circuit ( t o n s / d a y )

220
295
513

( t o n s / d a y )
5.96
1.16
I*.10

based on 22 lu^rs in a day.

The #2 c o m p o s i t e shoved the h ighe s t t r e a s o l i t e content (even more so than
# 5 ) , and the f i b e r s present are mos t ly in heavy bundle f orm, visible to
the eye. T h i s f a c t is also true for • the material in the 8 x 20 circuit
and other coarse end produc t s #1 and #3. The tendency of f i b e r bal l ing in
the 20 x 65 circuit shows that the f i b e r s are more opened or in thinner
bundles in a d d i t i o n to some extra f i n e s d i s t r i b u t e d throughout the end
produc t s #U-.and 7^5, which will lead to the b e l i e f that there is some degree
of down screening.

2 0 1 5 2 8 2 *



I -6-• ' T o : H . C . Duecker ' Libby O r e EvaluationFromr Jul i e C. Tang Ore Impur i t i e s
F e b . 23, 1976

03627805
b. For quantitative x-ray analysis, the de t e c t i on l i m i t is about Q.2&. Be-cause ot the variation in x-ray response from sample to sample (variablessuch as orientation, sample thickness, and packing conditions;, the .accuracy of these d s tarr t ra t i on s is approximately ±C.5^ of the tresolite

present. T h e r e f o r e , in Tabl e s 1 and 2, computations showed theand m - t n - t i m i m tremolite content po s s i b l e to be present in the sample.
A previous report on Libby vermiculite and tremolite density determina-tions ( 1 / 1 3 / 7 6 ) showed an appreciable density d i f f e r e n c e between tremolite(2.92-3 .1) and vsrmiculite (2.28-2.61 depends on the degree weathering)and the d i f f e r e n c e in morphology. Tremolite can be separated from vermicu-li t e by air elutriation technique based on the d i f f e r e n c e .in velocity ofparticle set t l ing. Meanwhile, the vermiculite p la t e s can.be "polished" byremoving sone of tha f ine dust as£ f i i e r adhered to the surface i n ' • t h e " air•&stream. A separate report will be written? to describe' the details of thataspect shortly. " - :.:-.4*&

6. The conclusions reached assume the samples are all representative samples
of the operation. In reality, Ve know we have considerable variation in .
f e ed quality 'from minute to minute, hour- to -hour, and certainly from pile-to-pile. T h i s experiment should be repeated to obtain a better f e e l forthis variation. The sampling ' t e c h n i q u e is probably the most s igni f i cant .problem in the study. Reasonably good analytical results can be obtainedalthough very time-consuming. About $2. OM of laboratory time will be re-quired to repeat this test. ' -'::' "•"''*'• '•.'•'--"• ' • -.'-..- .• • - •''''"""'

J C Y : m l r
Attachments

^0152825
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O B S T R U C T I O N
P R O D U C T S

D I V I S I O N
REQUEST K>R TECHNICAL S E R V I C E

PAGE 1

I f U - S E E :
CROUP: _
DATE:

50038
Z o n o l i t e
2 / 1 / 7 7

CHARGE N O . ; S . O . 86-036
F V I F a f n n

,; 7/-~

M A K K E T I X G o r M A I f U F A C T U K Q I G A P P S O V A I . ;
N A M E : F . H . F a f n n _ _ _ _ _ _ _ _
APPROVED: > S,~

PROBLEM TITLE: Moi s tur e and b u l k d e n s i t y d e t e r m i n a t i o n - Libby j?2 binder t r ia l s .

SIGHIFICAKCE: Determine e f f e c t water a d d i t i o n (12.2 GPH) ha s on e xpandedvermicul i t e when water is used as a b inder and a p p l i e d at theproduct elevator and stoner d i s charge .
SPECIFIC O B J E C T I V E : "Determine 1. % moisture ..2. bu lk d en s i ty

S U G G E S T E D APPROACH:

DEADLINE (Last day information vill be of vaiiie): As soon as p o s s i b l e . Part o f ' t o t a lwater b i n d e r e v a l u a t i o n and shou ld be part of the personnel f i b e r count, d r o p testf i b e r "count and t r e m o l i t e d e t e rmina t i on . ' "
DETAILS OF PRO3LEM:

Determine moi s ture and b u l k d e n s i t y . o n s a m p l e s C L 2 , - EL2 and SL2. M a t e r i a l i s . bei.nns h i p p e d f r o m H e e d s p o r t ' i n 3 c u . f t . p l a s t i c baqs.

A C C E P T E D BY RESEARCH D E P T . :
ASSIGtTED TO: C /^

s? /' /" -"' <' •
A D D I T I O N A L C O P I E 2 : Original t o Library , H . C . D u e c k e r , H . A . E s c h e n b a c h , F . W . E a t o n ,

C.-D-TiA, F i l e : 86efl3^ . V .
%

i U L h i li n A L



BEQUEST F O R T E C H N I C A L S E R V I C E
HUMBER:
G R O U T :
A C T U A L C O S T :

Z O N O L I T E
$35.00

R E P O R T I N G D A T E : February 11, 1977

03G277G;
S U M M A R Y :

Three samples of Libby #2 vermiculite were determined for
moisture content. Bulk dens i ty evaluations showed no d i f f e r e n c ebe fore and a f t er the moisture removal. The moisture content of thestoner discharge material is considerably higher than the control.The product elevator material shows s l igh t ly more moisture than the
control.

E X P E R I M E N T A L :
A representative portion of vermiculite was taken from eachbag and quartered into 100 g samples. The samples were heated inthe oven at 1 2 5 ° C . overnight, to determine the moisture content. Thebulk density of the material as received, and a f t er heating, was

determined.
S a m p l e

CL2
EL2
S L 2

MoistureContent
0.9
1.2
3-1

Bulk Density (PCF)as received
5-5
5-7
6.0

a f t e r heating
5A
5.6
5.9

Reference: 98l62P

Cl2£-~S t e v e n V a u g S S h
S V : m l r

068ETX02086I



CAMBRIDGE 03627763

TO: J. W. Wol t e r DATE: January 6, 1977
FROM: J u l i e C. Yang SUBJECT-. Tresnol i t e Content in LibbyVermicul i t e Composi t e s

CC: E. S. WoodR. L. Oliverio/LibbyH. C. DueckerF . W . EatonPile: 71-C48

Recently ve have determined the tremolite content in Libby #2composite tor the e lectrostatic spray studies, and found tremolitewas in the range around 2.5$ which showed a remarkable decreaseover the #2 composite ve had a year ago. The sample obtained inDecember 1975 showed about 5$ tremolite (report on Libby Ore Evalua-tion 2 / 2 3 / 7 6 ) .
If you would H i r e to have the tremolite f iber content ofcomposites of all sizes checked occasionally, we would be glad todo it. The cost of f i b er determination for size 1 and 2 is about$80.00 each, and for size 3, k and 5 is around $120 per sample.

J C Y r m l r

2 .0152831
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T FOR T3C7!f7icAL sn
E & S 2 1

G R D U P t
J u n e 25. 1976r» 1:0.:

- H. Locke /
or

K / U - S : H , A . Brnwn

03627764
.___JM T I E L S : P e r f o r m q u a n t i t a t i v e analysi s o f one-bag s a m p l e s o f M C - 4 a n d

MK-5 (already in C a m b r i d g e )

S I G H U T C A H C E : T o determine amouat o f t r e m o l i t e pr e s en t .

'
S U G G E S T E D A P P F O A C F : P e r f o r m analysis twice. T h e f i r s t a p p r o a c h u t i l i z e me thod s ,
equipment , and procedures which CPD laboratory personnel would use based on experience,
etc. S e c o n d a p p r o a c h to be that (or t h o s e ) , which an ou t s i d e f a c i l i t y would use( p o s s i b l y same as C P D ; i f d i f f e r e n t f r o m C P D , p o s s i b l y more than a s i n g l e a l t e r n a t e ) .
DEADLIKE (Last day infomation will be of value): T h e r e i s not now an i d e n t i f i e dd e a d l i n e . However r e s u l t s are reques ted within a 30 to 45 day p e r i o d if p r a c t i c a l .

D E T A I L S OF PROBLEM: H. c, Duecker is f a m i l i a r with" all p e r t i n e n t d e t a i l s . -

A C C E P T E D B Y R E S E A R C H D S T T . :
A S S I G 1 T E D T O : J " 2 0 1 5 2 8 3 2

3" D FJ *- J cL»



NUMBER: U9189
REQUEST F ' O H T E C H N I C A L S E R V I C S : GROUP:______ZOWOLITE ______~——:—— —— —————— ACTUAL C O S T : $2500.00______C O N F I D E N T I A L R E P O R T I N G D A I S : M a y 2 & , 1977

SUMMARY: 03627765
Three bags of standard MK-U product f rom plant locations inCali fornia from Los Ange l e s , Santa Ana, and Newark), and four MK-5samples (from Los A n g e l e s , Santa Ana, and Omaha) have been examinedfor their tremolite content.

All seven samples as received showed no detec table tremolitef iber content by x-ray determinations (our detection linit fortremolite is 0.2$). However, the materials were f rac t i oned; glassf i b er s vere mostly retained on a +6 mesh screen, vermiculite wasf l o a t e d o f f ; most of the plaster of Paris was dissolved in water; and,CELIF fibers and organic matter were burnt o f f . The concentratedf ine s , collected on Mill ipore f i l t e r of 0.1*5/1, showed the presenceof trace amounts of tremolite f iber in two of the trace MK-lf samples(Santa Ana and Newark). By petrographic microscopic examination,this was estimated to be less than O.C15£ °f the total sample.
The concentrates were then submitted to Arthur D. L i t t l e , Inc . ,

for transmission and scanning electron microscopic analysis (TEM andSEM), selected area electron d i f f r a c t i o n (SAED) and energy dispersivex-ray analysis ( K H A X ) -
By these s ophi s t i ca t ed and time-consuming instrumental analyses,the amphibole f ibers were- pos i t ively i d e n t i f i e d and analyzed. On a

mass basis, it was found to be less than O.OO6J& o£ the concentrates .
which corresponded to 1.7 ppm ' ( S a n t a A n a ) and U.I ppm ( N e w a r k ) of
the total MOHOKOTEJ9 sample weight.

E X P E R I M E H T A I i :
Concentration

The concentration procedure of MONOKOTE is shown in F i g u r e 1.
The results are tabulated as f o l l o w s :

* parts per mi l l ion, or 0.00017̂ .

2 0 1 5 2 8 3 3
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H U M B S R :
H R Q U 5 S ? F O R T S C i E I T C A L S E R V I C E : GROUP: Z O N O L I T E _ _C O N F I D E N T I A L A C T U A L C O S T : $2500.00-REPORTHIG DATS: May 26, 1977

Petrographie Microscopic Examination 03627*76*7
Based on the characteristic refract ive indices and optical properties ofvermiculite and trenolite f i b e r s , using the liquid immersion technique, atrace of tremolite was found in the -50M +OA5yu portion of Santa Ana MK-U,and Newark MK-^ samples.

Analysi s by Arthur D. L i t t l e , Inc.
Even though the original request made by R. H. Locke was on one MK-U andone MK-5 sample, we have decided to do several more since the product from,

each plant looked and behaved .very d i f f e r e n t l y . The MK-U from Newark was verydense and the veroiculite present was poorly expanded in comparison with theothers. Product from. Santa Ana was very bu lky and the plaster of Paris pres-ent in the composition dissolved more readily -than the others.
The two concentrated sample s suspected to have tremolite f i b e r s were sub-mitted to Arthur D. L i t t l e for f i b er characterization and counting on transmis-

sion micrographs (Figure s 2 and 3). Each f i b e r being counted was analyzed bySAED (se l e c t ed area electron d i f f r a c t i o n ) to determine the structure of the
f i b er . It was found that 25-**Ojt of f i b e r s did not yield an SAED pattern indi-cating the f i b e r was amorphous, most ly organic and g la s s f i b er s . The breakdownof the f i b er type s and amounts is l i s ted in T a b l e 1.

Scanning electron micrographs were also taken on some of the f iber s . They
are shown in Figures k and 5> and energy dispersive x-ray ' a n a l y s i s (EDAX) wasemployed to analyze the elements present in each f i b er . The results are shown
in Table 2.

C O N C L U S I O N S a n d C O M M E N T S :
The conclusion reached by A. D. L i t t l e , Inc. was that the amphibole f i b er

content, on a mass basis, corresponded to less than 0.006$ of the supp l i ed con-
centrated sample. Letter f rom Dr. E. Peters of ADL is attached. Computing
the amphibole content in the MONOKOTE samples from Santa Ana and Newark, this
corresponds to less than 1.7 ppa and k.l pom, r e sp e c t iv e ly . The level oftremoli t e . f i b e r present was extremely low.

: ' J j l L i e C . Yang
J C Y : m l r
attachment

2 0 1 5 2 8 3 5
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REQUS3T T O R O E C H N I C A L S E R V I C E : f * f i N F I D E N T I A L
N U M B E R : 9̂189
GROUP: Z O N O L I T E
A C T U A L C O S T : $2500.00_____REPORTING DATE:: ' May 26, 1977

TABLE 1 - Fiber analysi s by IBM ( A . D . L i t t l e )

Fiber Observed
Total f ibers observed

<f, Amphibole
£ Other Mineral (most ly gypsum)
% Ambiguous Mineral (with insuf-ficient data for positiveident i f i ca t i on)
> Amorphous (organic, glass f i b e r )

Sampl e 22281-1 F i n e sFraction from Santa Ana,____MK-U Sample______
10U

6
33.5

03627768
S a m p l e 22281-2" FinesFraction f rom Newark,

MK-*4- S a m p l e

u
35

22
26lOOi

TABLE 2 - EDAX Mieroehemieal Analys i s of Fiber sObserved by Scanning Electron Microscopy ( A . D . L i t t l e )

S a m p l e 22281-1
. F i b e r 1
Fiber 2
Fiber 3
Fiber U

Figure 6a
Figure 6b
Figure ha.
F i g u r e Ub

Relative X-ray Inten s i tyMedium Weak Probable I . D . .

ampnibole or glass.
gypsum ( ? )

ampnibole or glas s

Sampl e 22281-2
F i b e r ' 5 Figure 3 S , C a , A l gypsum

201-
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A r t f H i r D . L l t t l C , I n C A C O R M P A R K • C A M B R I D G E M A S S A C H U S E T T S 02140 - ( 6 1 7 ) 864-5770

A p r i l 5, 1977
03627769

D r . J u l i e C . Y a n gManager, Research T e c h n o l o g i e sConstruction Produc t s D i v i s i o nW. R. Grace & Co.62 W h i t t e m o r e AvenueCambridge , M a s s . 02140
Dear J u l i e : C76494

As we d i s cu s s ed d u r i n g your v i s i t on March 11, 1977, low m a g n i f i -cation transmission electron microscope p h o t o g r a p h s have been obtainedfrom two r epre s en ta t ive grid pore op en ing s of s a m p l e s 22281-1 and 22281-2to permit an e s t imate of the percentage of mass a t t r i b u t a b l e to f i b e r s ,in p a r t i c u l a r , a m p h i b o l e f i b e r s . A previous a n a l y s i s of these s a m p l e s ,reported on J a n u a r y 24, 1977, I d e n t i f i e d the presence of f i b e r s , mostof which were mineral. T h e s e r e s u l t s can be summarized as f o l l o w s :
22281-1 22281-2

F i b e r s observed 104 54
Percent a m p h i b o l e 6 4
Percent other mineral 34 35( m o s t l y g y p s u m )
Percent ambiguous mineral 35 22
Percent amorphou s ( o r g a n i c , 26 39g l a s s f i b e r ) |

jAs some of the ambiguou s mineral ca t egory may be a m p ' n i b o l e , it is p r u d e n t ito e s t imate a maximum a m p h i b o l e f i b e r content of 10 percent. Due to a !.s l i g h t l y larger f i b e r s i z e , the a m p h i b o l e f i b e r volume i s about 15 percent Iof the to tal f i b e r v o l u m e , which c orr e sponds to 1.6 x 10~' z cm^ per g r i d jpore o p e n i n g . ii ' iTo e s t imat e the r e l a t i v e amount o f f i b r o u s ma t e r ia l pr e s en t in the !s a m p l e s , low m a g n i f i c a t i o n TEM p h o t o g r a p h s were o b t a i n e d f r om two repre- !s e n t a t i v e pore o p e n i n g s o f bo th s a m p l e s . T h e s e were a s s e m b l e d i n t o !

I C 6 8 E T X 0 2 0 9 3 !



Arthur D L i t t l e Inc

A p r i l 5 , 1977
-2-
n , ,. r v . 03627770Dr. J u l i e C. Y a n gW. R. Grace & Co.

montage s , which covered entire pore o p e n i n g s . P a r t i c l e v o l u m e s per poreo p e n i n g were c a l c u l a t e d for the two montages prepared for s a m p l e 22281-1A( e x h i b i t i n g t h e heavies t p a r t i c l e l o a d i n g ) f r om t h e p r o j e c t e d s u r f a c e areaand an es t imated t h i ckne s s of each p a r t i c l e , as f o l l o w s :
0.2ym - p a r t i c l e s s h o w i n g e l e c t ron beam p e n e t r a t i o nover whole area
0.5pm - p a r t i c l e s showing electron beam pene tra t ionat edges
l - 2 j i m - e l e c tron opaque p a r t i c l e s

From these es t imates, the ratio of f i b e r volume to total p a r t i c l e volumewas est imated to be 0.04 percent (0.006 percent for a m p h i b o l e f i b e r s ) .For t h e a s s u m p t i o n that t h e d e n s i t i e s o f a l l p a r t i c l e s ar e e q u i v a l e n t ,these percentages a p p l y on a mass ba s i s , as w e l l .
From thi s a n a l y s i s , we c o n c l u d e that the a m p h i b o l e f i b e r c on t en t ,on a mass bas i s , corre sponds to l e s s than 0.006 percent of the s u p p l i e ds a m p l e , which r epr e s en t ed t h e i n s o l u b l e r e s idue f r a c t i o n o f a l e a c h e dM o n o k o t e s a m p l e . T h i s e s t i m a t e s h o u l d b e r e l i a b l e w i t h i n a f a c t o r o ftwo times.

P l e a s e contact me if you have any que s t i ons .
Very t r u l y yours,

Edward T . Peter s

/ r d l

2 0 1 5 2 8 3 8
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FIGURE 1 C O N C S N I P A T I O N O F F I N E S I N M O N O K G T S ®
M Q N O K C T E (200 g )

0362*7771

pla s t er of Paris
some f i b e r s & f i n e s

;er boil tosolublize p la s t e r

J . C . Y a n g z m l r
5 / 2 6 / 7 7

repeated many time

! total volume of
water used= 10 liters

-\ f i l t e r e d
•v

110 "C \ oven dried overnight
x«-

500°C I overnight to burn of\f organic mattero f f the
Residue

(subai i t t ed to A D L )
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Arthur D Little; Inc.

F i g u r e T r a n s m i s s i o n E l e c t r o n l a a g e o f F i b r o u s
P a r t i c l e s a n d C o r r e s p o n d i n g S A E D P a t t e r n s ,
S a - p l e 22281-1; l O . O C O x .
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Arthur D L i t t l e ; Inc.

03627773

F i g u r e 3 - \ T r a n s m i s s i a n E l e c t r o n I m a g e o f F i b r o u s
P a r t i c l e s a n d C o r r e s p o n d i n g S A E D P a t t e r n ,
S a m p l e 2 2 2 8 1 - 2 ; 10,000x.



A r t h u r D Lit t l e; Inc.

F i g u r e 4~ S c a n n i n g E l e c t r o n M i c r o g r a p h s o f
F i b r o u s P a r t i c l e s i n S a m p l e 22281-1
a) 5500x , b) 5 5 0 C x
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- Arthur D L i t t l e , Inc.

03627775

F i g u r e 5 S c a n n i n g E l e c t r o n M i c r o g r a p h o f
a F i b r o u s P a r t i c l e in S a m p l e 22281-2,
5500x.
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A r t h u r D L i t t l e ; Inc.

03627776

F i g u r e £ / S c a n n i n g E l e c t r o n M i c r o g r a p h s o f
F i b r o u s P a r t i c l e s i n S a m p l e 22281-1.
a) 2400x, b) 110Ox
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Cons l rue l i on Products DivisionGRACE
0362V77-V

C H A R A C T E R I Z A T I O N A M D P R E P A R A T I O N
OF EESKERABIE SIZED TREMDLITE

FIBER ASD VERMICDLITE
F O R A U I M A L S T U D I E S

by: J o l i e C. Yang

A p r i l 8, 1976
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CAMBRIDGE

TO: H. C. Duecker D A T E : A p r i l 8, 19?6
F R O M : J t i l i e C . Yang S U B J E C T : Characterization a n d Preparationof Respirable Siz ed Tremol i t e

CC: H. A. .Brown F i b e r and VermiculiteJ. VT. W o l t e r ' f o r Animal S t u d i e s
H. A. EschenbachR; H. Locke
F i l e : 71-0̂ 8 V

PURPOSE
The object ives of this study are to f ind out the size distribution andconcentration of the respirable size f ibers and vermiculite on the air f i l t e rcollected by the the Industrial Hygiene and Environmental H e a l t h group in thef i e l d , and to prepare the samples . corresponding as closely as pos s ib le tothese air f i l t e r material, for ^njm^i studies.

A I R F I L T E R S T U D T
Several randomly collected air samples f rom Libby at f a i r l y long timeintervals were collected for f iber contents and submitted to Arthur D. Li t t l efor sizing and distribution studies.
Two samples were sent:

Sampl e No. Col l e c t ing T* •» Fiber Count ( O p t i c a l / U O F i e l d s )
2226OP-1 2k& mins. O.l8 F i b e r / c c air
22260P-2 300 mins. 2.15 F i b e r / c c air
The results from Arthur D. L i t t l e are shown in Tab l e s 1 and 2, Fig-

ures 1 - 3 ; and conclusions reached are summarized as f o l l o w s :
1) On the air f i l t e r the respirable sized vermiculites and tremolitef i b e r s are roughly in 50-50$ ratio.
2) The respirable size tremolite f i b e r s are mo s t ly l e s s than 10 microns

(< 8$ >1°/1 s i z e ) , and the geometric mean l ength of the f i b e r s is
around 3 - 1 / 1 .

°^ "he respirable size vermiculites are also les s than 10 u, having an
.average size about 5>i-

U) The aspect ratio of the f i b e r s is in the range of 11 to 15 /L.
5) Computat ion shows that the f ib er counting with SEM (scanning electron

microscope)© 120,000 nagnif icatier. . Tne total numbers of f i b e r s found
per unit area (1 cm^) is about seven times in number of the f i b er s
f ound by opt ical microscope counting at UOO magni f i ca t i on .

ZO



.To: H. C. Dueclcer ' Re: Animal S t u d i e s
From: J. C. Yang April 9, 19?6

03627779S A M P L E P R E E A R A ' C I O H S
A f t e r we characterized what we have on the air f i l t e r , a t t empt swere made to prepare both respirable sized vermiculite and tremolite f iber sas closely as pos s ible to those found on the air f i l t e r .

From, previous research work (report on Libby Ore Evaluation - OreImpuri t i e s , 2 / 2 3 / ? 6 ) we have found that Libby #2 vermiculite product hasthe highest tremolite f iber content in the order of 5% by weight. Sincethe sizes of #2 are f a i r l y and easily to be handpicked, it is used as astarting source for both tremolite aad vermiculita.
The tremolite f iber bundles picked out from L i b b ' y #2 are f a i r ly cleanand free of rocks, greyish in color, s o f t , and sometimes waxy in touch. Theybroke down easily to f ine f i b r i l s when degraded, which looked extremelysimilar to those found on the f i l t e r or f l o a t i n g in air in the Libby opera-tion, which are quite d i f f e r e n t than the tremolite found in associated veinsin rock form; they are generally harder and harsher, most of which wereremoved in the f l o a t a t i o n process.

l j _ Tremoli t e Fiber
a) Cleaning

Tremoli t e f i b er bundles were hand-picked from Libby #2 product, cleanedwith acetone and then d i s t i l l e d water. The bundles were then opened withWaring Blender for 2 minutes at high sp e ed , f i l t e r e d and dried in the ovenat 1 0 5 ° C . for about four hours.
b}_ M i l l i n g

.The oven-dried material was Spec-mi l l ed in 0.5 g batch for a totalof *4-5 seconds; but a f t e r each 10 seconds milling interval the mill wass t opp ed and the material r e r u f f l e d to avoid excessive packing.
The Spec-mi l i e d sample s were than chilled in dry ice-acetone batch,chilling at-low temperature increases the br i t t l ene s s of the f i b er s and

makes them easier to be pulverized. The chilled f i b e r s were sub j e c t edto a Wiley mill with a. built-in 60 mesh screen, a. mill which has been
designed e spec ial ly for nrU 11 ng f i b e r s . The Wiley milling was repeatedanother three times. Between runs the material has to be chilled again
thoroughly with dry ice.
c) S edimentation

, 0.8 g of the W i l e y milled sample ( m o s t l y 2-U ji in size, some up to30Ju with some bundles under light micro s cope) was di spersed in two l i ters
of d i s t i l l e d water, allowed to stand for 20 minutes; then, decant the
cloudy solution into 250 ml or 500 ml graduated cylinders which were
employed as s edimentat ion columns, and dilute the solution to twice its
volume with d i s t i l l e d water. The solutions in each column were l igh t ly
stirred and allowed to s e t t l e for twenty minutes. The cloudy solution
was then f i l t e r e d by an HA type M i l l i p o r e f i l t e r of O . U ^ y U . However,
the f l i t erate looked "extremsly clear and showed some small par t i c l e s under
the microscope.

P 6 8 E T X 0 2 1 0 3 ]
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To: H. C. DueckerFrom: J. C. Yang Re: Animal S t u d i e sA p r i l 9, 1976

03627780
The solid collected from the beaker and the column were recombinedand treated with another 2 l i ters of d i s t i l l e d water, poured into columnsand allowed to stand overnight. The cloudy solution was again decantedand f i l t e r ed through the Mill ipore . Coarse solid remained at the bottom

of the column from the second sedimentation, was f i l t e r e d and saved forfuture remilling. The f ive f ibers collected on the top of the Mil l iporewere then examined by light microscope. It was found most of the parti-cles were around 2 p., and a few long fibers up to 20 ji.
d) Cleaning and Resizing .•

The f ini shed crude product from step c. -was redispersed in the orderof 2 g/k liter d i s t i l l ed water, and allowed to stand in. columns for overhalf an hour. The decanted cloudy solution (about twice as dense as solu-tion in step c. ) was then f i l t e r ed through Mill ipore f i l t e r . The solidl e f t at the bottom of the column was dispersed again, ultrasonically, for2 minutes in UOO ml vater. The milky solution was then diluted to anotherh liters and allowed to settle in columns for a f i n a l 20 minutes. Thef i n e s were collected on Mill ipore by f i l t e r i n g the decanted liquid, driedas examined by light microscope. The product has mostly 2/z in size, veryfew larger f iber s but a few up to lO/i. The solid remained from decanta-
tion was again f i l t e r e d and saved for future remilling.

2 ) Vermic i i l i t e
a. Cleaning

The vermiculite p l a t l e t s were also hand-picked from Libby #2 product ,
cleaned in Soxhle t extractor with isopropyl alcohol, then acetone, and
f i n a l l y water to remove all the trace of organic contaminants used in thef l o t a t i o n proce s s; then oven-dried at 1 0 5 ° C . for several hours.
b^ Ml 1 ling

The oven-dried vermiculite was then chilled with acetone and dry-ice
mixture, S p e c - m i l l e d in 2 g batches for 1O minutes. At the end of 5 min-utes, the mill was s t opped and the material was r e r u f f l e d .
c. Screening

The milled sample was screened with 325 mesh screen. The -325 meshproduc t showed the des irable re sp irabl e size. M o s t of the par t i c l e s were
2 - U p.. Some large p l a t e s were about 10 -15 /u. The +325 mesh material
was also co l l e c t ed and saved for future remiliing.

2 0 1 5 2 8 4 8



To: H. C. Duecker
From: J. C. Yang

H e : Animal S t u d i e s
A p r i l 9, 1976

3) Proportioning
5 g of tremoli te and 5 g of vermiculite, prepared from s t e p l) and

2) re spect ively, were care fu l ly weighed out on a semimicro ba lance , andthen transferred to a k oz. size wide-mouth glass bottle in which some
silver wires were added to break up the powder surface when mixed on aroller mill. The mixing was carried out for about l6 hours. Because ofthe morphology and density d i f f e r e n c e , it will be suggested to Dr. Smiththat when this sample is being used for animal study, an appreciablequantity (such as 1 or 2 grams) is taken, then dispersed in the salinemedium ultrasonically, prior to use. The purpose of doing this willeliminate the localized inhomogenity and selectiveness of a very small

sample.

U ) Characterization
The respirable-sized f ibers (226oP-k and 2225OP-5) have been sent

to A. D. Li t t l e for sizing and comparison with the f iber found on the airf i l t e r . The results are also shown in T a b l e s 1 and 2, Figures 7 and 8.Scanning electron micrographs of these materials are shown in Figure s 9 -
10.

Results from A. D. L i t t l e and our own microscopic sizing indicatedthat the respirable size f i b er s and vermiculite which we prepared arevery similar to those on the air f i l t e r . However, sample 22260P-lf is af i b e r sample of f iner size, extremely time-consuming to obtain in largequantities. We have then taken a d i f f e r e n t approach to obtain 22260P-5
which is s l igh t ly coarser than 22260P-U. The two samples of 8 grams each

have submitted to Dr. W. Smith are:we
1. 22260P-5 -

22263P-2 -2.
respirable sized tremolite f i b e r
a mixture in 50-50^ of respirable sized tremolite
f i b e r (22260P-5) and vermiculite (22263P-1)

The f i n a l characterization of sa sp l e s will be made by W a l t e r McCrone
A s s o c i a t e s :

1. 22260P-5
2. 22263P-1
3. 22263P-3

r e s p i r a f a l e sized treasolite f i b er
re spirable sized vermiculite
a saline suspension of 22263P-2 will be prepared
by W. S m i t h ' s group f o r animal s tudie s .

l 0 6 8 K T X 0 2 i 0 5 l



.To: H. C. Duecker Re: A n i m a l S t u d i e s
From: J. C. Yang A p r i l 9, 1976

036277825) S a m p l e Preparation f or Aaiaal I n j e c t i o n S t u d i e s
Dr. Smith's group has been preparing samples by di spers ing 2 g of

the solid in kO ml 0.9 g saline solution in a 10O ml Erlenmeyer f l a s k ,
then autodaved for 15 minutes at 15 -20 psi to s t e r i l i z e the material.A f t e r it was cooled o f f , the mixture was shaken by hand and drawn into
a syringe in 1 ml aliquot for injec t ion.

By observing the preparations made with R. T. Vanderb i l t sample(talc and tremolite mixture), solid settled very quickly in the salinesolution immediately a f t e r shaking. Employing such technique, I wouldexpect the animals got d i f f e r e n t doses of material depending on thetechnique of the operator and the rate of s e t t l ing at that s p e c i f i c time.In addit ion, the f ibers present may be in bundles or small balls not f u l l y -
opened.

As a result, I have recommended the use of ultrasonic dispersion,de saline suspension a f t er autodaved should be subjec ted to a 1O mimrfce .sonic dispersion. It has been demonstrated the respirable sized materialwas suspended quite uniformly for an hour or more without s e t t l ing. Incase of any f iber balls or bundles present, they wl . l l be f u l l y opened and
di sper s ed , too.

Each animal will get 1 ml of the suspension which has 25 mg of the
solid theoretically.

J u l i e C. Yang
JCT. :mlr
attachments

, 152650

06l



T A R G E T S H E E TE P A R E G I O N V I I IS U P E R F U N D D O C U M E N T M A N A G E M E N T S Y S T E M
D O C U M E N T N U M B E R : 495699

S I T E N A M E : L I B B Y A S B E S T O S
D O C U M E N T D A T E : 0 2 / 2 3 / 1 9 7 6

D O C U M E N T N O T S C A N N E D
Due to one of the f o l l o w i n g reasons:
Q P H O T O G R A P H S
a 3 - D I M E N S I O N A L
a OVERSIZED
a A U D I O / V I S U A L
a P E R M A N E N T L Y B O U N D D O C U M E N T S
a POOR L E G I B I L I T Y
Q OTHER
a N O T A V A I L A B L E
' T Y P E S O F D O C U M E N T S N O T T O B E ^ S C A N N E D

(Data Packages, Data V a l i d a t i o n , ^ampl ing Data^CBI, Chain of Cus tody)
D O C U M E N T D E S C R I P T I O N :

TABLES I §2, FIGURES I - 10

Contact the S u p e r f u n d Records Center to view avai lab l e document.
( 3 0 3 ) 3 1 2 - 6 4 7 3



C O N S T R U C T I O N
P R O D U C T S
D I V I S I O N
REQUEST F O R T E C H N I C A L S E H V I C 2

A D M I N I S T R A T I V E R E C O R D
R E C ' O

A P H 5 1978
C£O.E£ia

PACE 1

° 3 & l o 2 3 6

H U X a K a : l 6 9 5 1 5 « A d d e n d u m )
CROUP: BPD
D A T Z : a / ^ 4 / 7 B
rvAPr.K H O . ? 7,- /r-4-
REQUESTOR: R- C. Erieson ^-

M A R X E T I M G o r K A i ' W F A C T U - i n r C A P P R O V A 7 . :
JlAl-IE: R* C. Erieson -
APPROVED: /I f~ 4 i / % ' . v . n - ^

PROBLEM TITLE: Oetermina % T r e o o l i t e in saaple s of Libby II "Attic* taken f r om the
voluM yield test run on a Model A furnace in Chicago 3/8/78.

SIGNIFICANCE: I n f o r m a t i o n needed as part of our continoijt? study of how to reduce-,
treaolita contamination in the f ini shed product.

SPECIFIC C8JECTIVE: ISO c u . f t . o f product s h i p p e d t o W e e d s p o r t . Fred Eatoa will "run
simulated A t t i c Pi l l tr ial s — B. 3. .Wood mcao 3 / 2 / 7 8 attached.

S U G G E S T E D A P P I M A C H :

DEAHLIKZ (Last day j j i f o n n a t i o n vill be of value):

DETAILS OF PROBLEM:
S a m p l e s F u r n i s h e d

—(!} T e s t 12 - S a m p l e s 1, 2 C 3
to be coaposi ted t o g e t h e r -
F i n i s h e d product

{2} One S a m p l e , screen unders

Data A t t a c h e d
( 1 ) Data Sui-nary S h e e t s ( 3 )
( 2 ) A n a l y s i s o f screened undersCambridge Q. C.

A C C Z T T E O B Y R E S E A R C H D I P T . : j f c . C . Y«no
rEO TO:

~ ' 3 / i / / ? S

A D D I T I O N A L C O P I E S : O r i g i n a l t o L i b r a r y H . c > o u e c f c e r . E . S . Wood. F . W . Eaton,
R. E. S c h n e i d e r , J. W. W o l t e r and R. C. Eri e son

C O N F J D E ^ T J A l .



R E Q U E S T F O R T E C H N I C A L S E R V I C E
N U M B E R ; 69515 S u p p l e a e n t a r y
C R O U P : BPD
A C T U A L C O S T ; $230.00
R E P 0 3 T I M O D A T E ; A p r i l U . 1976

S T M t t R T :

Two samples were received for treoolite analysis.

D A T A A N D A N A L Y S I S :
The res\ilta ar«:

I . D . Wo
1)
2 )

Descr ip t i o t i
Coopo*it« of sample fro*.T e s t f2 - Finished prodnct

u n f l o a t a b l e • Tremol i t e

Screen unders
. . • . » • • - . -

1.5
100.0

.02
U.6

J C Y : m l r



C A M B R I D G E
TO: H. C. Duecker

F R O M : J u l i e C. Yang
CC: H. A. ?rownJ. W. Wol t er

R. L. Oliverio/Libby
R. J. K u j a v a / L i b b yG. G. V s p l o n / L i b b y
O. F. Stewar t /Enore eR. H. Locke '
J". L. Yo

PURPOSE

D A T E :

S U B J E C T :
February 23, 1976

Libby Ore EvaluationOre I m p u r i t i e s

03627500

The o b j e c t i v e of this inves t igat ion is to determine the tremolitecontent for each of the three mili.circuits and end produc t s at Libby,

S A M P L E S E E E C T I Q g
S a m p l e s have been col lec ted by G. V a p l o n :

(a) material vhich entered the circuit,(b) material which came out of the circuit,(c) screened plant product s as control and comparison with (a) & ( b ) ,
Fourteen materials vere received:

(1) Clean Cone; 8 x 2O(2) Rough Cone. • 8 x 20(3) Rough Cone. 20 x 65(U) Clean Cone; 2O x 65
(7) Rough Feed 8 x 20(8) Clean F e e d 8 x 20(9) H o u g h F e e d 20 x 65(10) Clean F e e d 20 x 65(11)' #1 Compo s i t e( 1 2 ) #2 C o m p o s i t e

(5) #3 Compos i t e(6) A C o m p o s i t e
( 1 3 ) #5 C o m p o s i t eHumphrey S i z e r Concrete 12/3/75 9:OO a.m.

E X P E R I M E N T A L
l ) Humphrey S i z e r

1. S e p a r a t i o n
The rock and f i b e r were s epara t ed f r o m the vermiculite p l a t e s
by hand-p i ck ing .

2. M e t h o d of A n a l y s i s
Each p o r t i o n has been weighed c a r e f u l l y and then x-rayed forthe ir mineral content.

|068ETX02076|



To: H. C. DueckerFrom: J u l i e C. Yang
F e b . 23, 1976

- 5 -
Libby Ore Evaluation

Ore I m p u r i t i e s

C O N C L D S I O H S
1. The p o s s i b l e t r e m o l i t e content of end p r o d u c t s of each sizitrates f r om the three circuits are: of concen-

Circuit

Humphrey S i z e r
8 x 20

P c T Z ^ n concentrate
Clean concentrate

20 x 65
Rough concentrate
Clean concentrate

End Product
Compos i t e s #1

#2
#3̂
#5

T r e m o l i t e C o n t e n t s , percentRange Mean
2.70 - 2.72 2.71

0.21 - 0.71 O.U6
o.io - 0.59 0.35

o.k - 0.86 0.63
0.7!; - i.20 0.97

1.67 - 2.17 1.924.72 - 5.22 U.97o.ki - 0.89 0.650.52 - 1.00 0.763.̂ 5 - 3.97 3.71

2. Based on the experimental data, the approx imate amount of tremolite presentin tons per day, out of each of the three c ircui t s , will be as f o l l o w s :
T o t a l Material s out of^ Mean T r e m o l i t e ContentCircuit the circuit ( t o n s / d a y ) ____(tons/dayj_____

Humphrey S i z e r
8 x 20
20 x 65

220
295
513

5.96
1.16
I t . 1 0

based on 2£ l in a day.

The #2 c o m p o s i t e shoved the h i g h e s t t r e m o l i t e content (even more so than
# 5 ) , and the f i b e r s present are m o s t l y in heavy bundle f o r m , v i s ib l e to
the eye. T h i s f a c t is also true for -the material in the 8 x 20 circuit
and other coarse end p r o d u c t s #1 and #3. The t endency of f i b e r bal l ing in.
the 20 x 65 circuit shows that the f i b e r s are more opened or in thinner
bundle s in a d d i t i o n to some extra f i n e s d i s t r i b u t e d throughout the end
p r o d u c t s #V.and #5, which will lead to the b e l i e f that there is some degreeof down screening.

2 0 1 5 2 8 2 4

P 6 8 E T X 0 2 0 8 0 I



GI^CE S D M S Document I D

496274

A t t a c h m e n t #58

C o n s t r u c t i o n P r o d u c t s Divi s i on

03627777

C H A R A C T E R I Z A T I O N A N D P R E P A R A T I O N
OF RESPIRABIE SIZED TREMOLTCE

F I B E R A N D V E R M I C U L I T E
F O R A N I M A L S T U D I E S

by: J u l i e C. Yang

A p r i l 8, 1976

2 0 1 5 2 8 4 5
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C A M B R I D G E 03627778
TO: H. C. Duecker DATE: A p r i l 8, 19?6
F R O M : J u l i e C . Yang S U B J E C T : Charac t er izat ion and. Preparation

o f Resp irab l e S i z e d T r e m o l l t e
CC: H. A. .Brown F i b e r and VermiculiteJ. W. W b l t e r ' f or Animal S t u d i e s

H. A. Eschenbach
R ' i ' H . LoclteF i l e ; 71-OU8 \

PURPOSE
The o b j e c t i v e s of this s tudy are to f i n d out the size d i s tr ibut ion and

concentration of the r e sp irab l e size f i b e r s and vermiculite on the air f i l t e rc o l l e c t e d by the the I n d u s t r i a l %giene. and Environmental H e a l t h group in the
f i e l d , and to prepare the sample s .corresponding as c lo se ly as po s s i b l e tothese air f i l t e r material, for nn^nuyi s tudies.

A I R F I L T E R S T U D Y . .
Several randomly co l l ec t ed air sample s from Libby at f a i r l y long timeintervals were co l l e c t ed for f i b e r contents and submitted to Arthur D. L i t t l efor sizing and di s tr ibut ion studies.
Two sample s were sent:

S a m p l e H o . C o l l e c t i n g Tim* F i b e r Count ( O p t i c a l A O F i e l d s )
22260P-1 2k8 mins. O.l8 F i b e r / c c air
22260P-2 300 mins. 2.15 F i b e r / c c air
The result s f r o m Arthur D. L i t t l e are shown in T a b l e s 1 and 2, F i g -

ures 1 - 3 } and conclusions reached are summarized as f o l l o w s :
1) On the air f i l t e r the r e sp i rab l e s ized vermiculites and tremoli tef i b e r s are roughly in 50-50)6 ratio.
2) The respirable size tremoli te f i b e r s are aos t ly l e s s than 10 microns

.(< 8$ > 1 0y u s i z e ) , and the geometric mean l ength of the f i b e r s is
around 3 - 1 / 1 .

?^ The r e sp i rab l e s ize vermicul i te s are also l e s s than 10 u, having an
;average size about 5 >u.

U) The aspect ratio of the f i b e r s is in the range of 11 to 15 /i.
5) C o m p u t a t i o n shows that the f i b e r counting with SEM (scanning electron

micro s cope)© 20,000 m a g n i f i c a t i o n . The to tal numbers of f i b e r s f ound
per unit area (1 cm^) is about seven times in number of the f i b e r s
f ound by o p t i c a l micro s cope counting at 400 magni f i ca t i on .

|068ETX02102|



•( - 2 -
To: H. C. Duecker ' Re: Animal Stud i e sProm: J. C. Yang Apri l 9, 1976

03627779
S A M P L E P R E P A R A T I O N S

A f t e r we characterized what we have on the air f i l t e r , a t t empt swere made to prepare both respirable sized vermiculite and tremolite f i b er s
as c lo s e ly as po s s i b l e to those f ound on the air f i l t e r .

From previous research work (report on Libby Ore Evaluation - Ore
I m p u r i t i e s , 2 / 2 3 / ? 6 ) we have found that Libby #2 vermiculite product hasthe highest tremolite f i b er content in the order of 5% by weight. Since
the sizes of #2 are f a i r l y and easily to be handpi cked , it is used as as tar t ing source for both tremolite and vermiculita.

The tremolite f i b e r bundles picked out from Libb'y #2 are f a i r l y cleanand f r e e of rocks, greyish in color, s o f t , and sometimes waxy in touch. Theybroke down easily to f ine f i b r i l s when d e g r a d e d , which looked extremelysimilar to those found on the f i l t e r or f l o a t i n g in air in the Libby opera-tion, which are quite d i f f e r e n t than the tremolite found in associated veinsin rock form; they are generally harder and harsher, most of which wereremoved in the f l o a t a t i o n process .
l j _ T r e m o l i t e F i b e r

a ) C l e a r i n g
T r e m o l i t e f i b er bundles were hand-picked from Libby $2 product , cleaned

with acetone and then d i s t i l l e d water. The bundles were then opened withWaring Blender for 2 minutes at high s p e ed , f i l t e r e d and dried in the ovenat 1 0 5 ° C . for about four hours.
b£ M i n i n g

- T h e oven-dried material was S p e c - m i l l e d in 0.5 g batch for a total
of 1*5 s e conds; but a f t e r each 10 seconds mill ing interval the o5.ll wass t o p p e d and the material r e r u f f l e d to avoid excessive packing.

The S p e c - m i l l e d sample s were then chilled in dry ice-acetone batch,chi l l ing at-low temperature increases the b r i t t l e n e s s of the f i b e r s and
makes them easier to be pulver ized. The chil led f i b e r s were s u b j e c t e d
to a Wil ey mill with a built-in 60 mesh screen, a mill which has beendesigned e s p e c i a l l y for mil 1 ing f i b e r s . The W i l e y mil l ing was repeatedanother three times. Between runs ths material has to be chilled again
thoroughly with dry ice.
c ) S e d i m e n t a t i o n

,- 0.8 g of the W i l e y milled sample ( m o s t l y 2-k ja. in size, some up to30^ with some bundles under l igh t m i c r o s c o p e ) was d i s p e r s e d in two l i ters
of d i s t i l l e d water, allowed to stand for 20 minutes; then, decant thecloudy solution into 250 ml or 500 ol graduated cylinders which were
employed as s e d i m e n t a t i o n columns, and dilute the solution to twice its
volume with d i s t i l l e d water. The so lut ions in each column were l i g h t l ystirred and allowed to s e t t l e for twenty minutes. The cloudy solution
was then f i l t e r e d by an HA type M i l l i p o r e f i l t e r of 0.1*5 .̂ However,
the f i l t e r a t e looked "extremely clear and shoved some small par t i c l e s under
the microscope.

|068ETX02103|



- 3 -
To: H. C. Duecker
From: J . . C . Yang

Re: Animal S t u d i e s
• Apri l 9, 1976

03627780
The solid c o l l e c t ed f r om the beaker and the column were recombined

and treated with another 2 l i t e r s of d i s t i l l e d water, poured into columns
and allowed to stand overnight. The cloudy so lut ion was again decantedand f i l t e r e d through the M i l l i p o r e . Coarse solid remained at the bottom
of the column from the second s ed imenta t ion, was f i l t e r e d and saved forfu ture remilling. The f i v e f i b e r s c o l l e c t e d on the top of the M i l l i p o r e
were then examined by light microscope. It was found most of the part i-cles were around 2 ^i, and a few long f i b e r s up to 20 ji.
d_) Cl ean ing and Resizing . •

The f in i s h ed crude product f rom s t ep c. -was red i sper s ed in the orderof 2 g/k l i t er d i s t i l l e d water, and allowed to stand in columns for overhalf an hour. The decanted cloudy solution (about twice as dense as solu-tion in s t ep c. ) was then f i l t e r e d through Mil l ipore f i l t e r . The solidl e f t at the bot tom of the column was d i s p e r s e d again, u l tra sonica l ly, for
2 minutts in UOO ml vater. The milky so lut ion was then diluted to anotherh l i t er s and allowed to s e t t l e in columns for a f inal 20 minutes. Thef i n e s were co l l e c t ed on M i l l i p o r e by f i l t e r i n g the decanted l iquid, dried
as examined by l ight microscope. The product has mos t ly 2/1 in size, veryfew larger f i b e r s but a few up to 10/i. The solid remained f rom decanta-
tion was again f i l t e r e d and saved for fu ture remilling.

a. Cleaning
The vermiculite p l a t l e t s were also hand-picked from Libby #2 product ,

cleaned in S o x h l e t extractor with i s opropyl alcohol, then acetone, and
f i n a l l y water to remove all the trace of organic contaminants used in thef l o t a t i o n proc e s s ; then oven-dried a t 105°C. for several hours.
b^ Mil l ing -

The oven-dried vermiculite was then chi l l ed with, acetone and dry-ice
mixture, S p e c - m i l l e d in 2 g batches for 1O minutes. At the end of 5 min-
ute s , the mi l l , was s t o p p e d and the material was r e r u f f l e d .
c. Scre en ing

The mi l l ed sample was screened with 325 mesh screen. The -325 meshproduc t showed the d e s i r a b l e r e s p i r a ' o l e s ize. M o s t o f the p a r t i c l e s were
2 - k }i. Some large p l a t e s were about 10 -15 ;u. The +325 mesh material
was also c o l l e c t ed and saved for future rerailiing.

2 0 1 5 2 8 4 8
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To: H. C. DueckerFrom: J. C. Yang
Be: Animal S t u d i e s

• A p r i l 9, 1976

3 ) P r o p o r t i o n l n g 03827781
5 g of t r emol i t e . and 5 g of vermicul i te , prepared f rom s t ep l) and2) r e sp e c t i v e ly , vere c a r e f u l l y weighed out on a semi micro ba lance , and

then t rans f e rr ed to a If oz. size wide-mouth glas s b o t t l e in which some
silver wires were a d d e d to break up the powder surface when mixed on aroller mill. The mixing was carried out for about 16 hours. Because of
the morphology and d e n s i t y d i f f e r e n c e , it will be sugges ted to Dr. Smi ththat when this sample is being used for animal s tudy, an apprec iab l e
quantity (such as 1 or 2 grams) is taken, then d i s p e r s e d in the salinemedium ul tra sonica l ly , prior to use. The purpose of doing this will
eliminate the local ized inhomogenity and se lec t ivenes s of a very small
sample.

U ) Characterization
The reapirable- s ized f i b e r s (2260P-U and 22250P-5) have been sent

to A. D. L i t t l e for sizing and comparison with the f i b e r found on the airf i l t e r . The re sul t s are also shown in T a b l e s 1 and 2, Figure s 7 and 8.
Scanning electron micrographs of these materials are shown in Figure s 9 ~
10.

Results f rom A. D. L i t t l e and our own microscopic s izing indicatedthat the respirable size f i b e r s and vermiculite which we prepared arevery similar to those on the air f i l t e r . However, sample 22260P-14- is af i b e r sample of f in e r s ize, extremely time-consuming to obtain in large
quantities. We have then taken a d i f f e r e n t approach to obtain 22260P-5which is s l i g h t l y coarser than 22260P-U. The two sample s of 8 grams eachwe have- submit ted to Dr. W. S m i t h are:

1. 22260P-5 - re sp irab l e sized tremolite f i b e r
2. 22263P-2 - a mixture in 50-50$ of re sp irable s ized tremol i t e

f i b e r ( 2 2 2 6 0 P - 5 ) and vermiculite (22263P-1)
The f i n a l character izat ion of s ampl e s will be made by W a l t e r McCrone

A s s o c i a t e s :
1. 22260P-5
2. 22263P-1
3. 22263P-3

re sp i rab l e sized tremoli te f i b e r
r e sp i rab l e sized vermiculite
a saline su spen s i on of 22265P-2 will be preparedb y W . S m i t h ' s group f o r animal s t u d i e s .

201528*9
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T o : . H. C. Duecker Re: Animal Stud i e s•- From: J. C. Yang A p r i l 9, 1976

036277825 ) S a m p l e Prepara t i on f o r A a i n i n l I n j e c t i o n S t u d i e s
Dr. Smith's group has been prepar ing sample s by d i s p e r s i n g 2 g ofthe solid in ^0 ml 0.9 g saline so lut ion in a 100 ml Erlenmeyer f l a s k ,

then autoclaved for 15 minutes at 15 -20 psi to s t er i l i z e the material.
A f t e r it was cooled o f f , the mixture was shaken by hand and drawn into
a syringe in 1 ml aliquot for in j e c t i on .

By observing the preparat ions made with R. T. Vanderb i l t sample( t a l c and tremoli te mixture), solid s e t t l e d very quickly in the s a l i n e
solution immediate ly a f t e r snaking. Employing such technique, I wouldexpec t the animals got d i f f e r e n t do s e s of material d e p e n d i n g on the
technique of the operator and the rate of s e t t l i n g at that s p e c i f i c time.In a d d i t i o n , the f i b e r s present may be in bundles or small balls not f u l l yopened.-

As a result, I have recommended the use of ultrasonic dispersion.The saline suspension a f t e r autoclaved should be s u b j e c t e d to a 1O minute .
sonic di spers ion. It has been demonstrated the respirable sized material
was suspended quite uni formly for an hour or more without s e t t l ing. Incase of any f i b e r balls or bundles pre s ent , they will be f u l l y opened andd i s p e r s e d , too.

Each animal will get 1 ml of the suspension which has 25 mg of thesolid theore t i cal ly.
/

J u l i e C. Yang

attachments
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TABLE j ,— — — . 036277S3
S U M M A R Y O F f F H R T H D A T A

No. 1
( T o t a l N o . )£ ' Cum %

<0 3 2- 4 0 0 0. .0 0 0
I 3-0.4 6 14 V. 1 1 ' 1 ' • .? ?0.4-0.5 4 21 ... 1 2 4 4 1 1
O-5-0-6 6 3Z ' \ I 19 n I0.6-0.7 0 32 2 4 5 2 0 307-08 7 44 5 8 3 14 . 3 . 5u>/ o /n A n - ' 3 • 17 ' 3 9

T o t a l 58

• • •10-11 2 53 3 . 14 7 27 . ; 7 . • IB-11 1 -> 1 54 1 15 3 29 .2 201 . 1 - I . " - ' s* ' ,„ r 1/1 ' •> 971.2-1.3 3 60 - 4 18 5 34 2 -2213-14 0 60 2 20 1 35 7 f914-15 0 60 5 24 . 4 38 7 351 J-l 6 1 61 1 24 4 42 5 41•tM 63 4 28 5 46 1 42
17_18 2 67 0 28 0 46 2 44'8 19 0 67 1 28 4 50 6 50• 9 2 0 2 70 2 30 . 1 50 3 532*?l2 5 0 70 4 33 7 57 10 . 632 5 - 3 0 3 75 16 46 13 68 12 753:0-3!? ' 1 77 6 51 8 76 3 783.5-4.0. 0 . 77 8 58 .6 81 4 82- f s : i i s . ,
t I H " % - - sf - M l S -4 f3 1 86 4 96 2 978 0 - 9 0 2 96 3 89 2 97 1 98•

123 113 125

2 0 1 5 2 8 5 1

- A r c h u r D U t t l c i n c

J 0 6 8 E T X 0 2 1 0 7 I



03627784
TABLE 2

SUMMARY DATA FROM A. D. LITTLE

S a m p l e No .
Tota l F i b e r s Counted

Arithmatic Means
Length
W i d t h ( ̂  )
Average of Aspe c t Ratio
M a s s ' ( lCr 1 2 g)

22260P-1
57

22260P-2
123

22260P-U
113

22260P-5
125

2-59
0.26

15-85
0.5218

k.3^
0.39

15.86
2.0l*61f

2.76
O . l p

22.50
0.1925

2.79
0.24

13-39
0.1*982

Geometric Means
Length (p. )
S t d . D e v l a t i o n / A v g . Length
W i d t h ( ; u ) .
Average of A s p e c t Ratio
M a s s ( l C T 1 2 g )

F i b e r s / c m
F i b e r M a s s / c m 2 (10~? g )

1.38
6.6
0.12

12.01
0.0571

52,660
27.5

3.H
3.5
0.27

11.1*2
0.7162

295,^30
606.1+

1-97
2.1*
0.12

16. 11*7.
0.0880

2.07
2.0
0.20

10.36
0.2581*
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SEM OF RESPIRABIB SIZE TREMOLTIE
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S D M S Document I D
l l l l i l l2000536

U N I T E D S T A T E S E N V I R O N M E N T A L P R O T E C T I O N A G E N C Y
REGION 8999 18™ STREET - SUITE 300

D E N V E R , CO 80202-2466Phone 800-227-8917h t t p : / / w w w . e p a . g o v / r e g i o n 0 8

Ref: ENF-L
February 22, 2002

B Y F A C S I M I L E A N D U.S. M A I L
Katheryn J. Coggon, Esq.
H o l m e Roberts & Owen LLP
1700 Lincoln S t r e e t , S u i t e 4100
Denver, Co lorado 80203-4541
Fax: (303) 866-0200

Re: Julie Yang Depos i t i on
Dear Ms. Coggon:

Thank you for your assis tance in sett ing a time and p la c e for the d e p o s i t i o n of Dr. Julie
Yang. We have agreed that the d epo s i t i on will occur on August 22 and 23, 2002 in San J o s e ,
C a l i f o r n i a . I will inform you of the exact addre s s in the near future . Pursuant to your request, we
will a t t empt to limit the d e p o s i t i o n to six hours per day. W h i l e EPA will make every a t t empt to
limit the l eng th of the d e p o s i t i o n as d i s cu s s ed , we reserve the right to continue the d e p o s i t i o n if
full discovery cannot be c o m p l e t e d . In a d d i t i o n , we have agreed that if Dr. Yang must p o s t p o n eher d e p o s i t i o n to go to China, W.R. Grace commits to make her available during the pendency of
the discovery period.

As you are aware, Ms. Yang was the author or recipient of many documents concerning
the asbestos content of Libby vermiculite. Pursuant to Paragraph 7 of the court's S e p t e m b e r
6, 2001 Order, the part ie s have s t i p u l a t e d as to the " f oundat i on and authentici ty for all written
documents produced in pre-trial disclosure and during the course of discovery," unless a party
o b j e c t s to either with s p e c i f i c o b j e c t i o n s in writing within a reasonable time a f t e r receiving the
document. Pursuant to this s t i p u l a t i o n , I am assuming that W.R. Grace does not object to the
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f o u n d a t i o n or authent i c i ty of the documents it has produced to the EPA or the United S t a t e s . If
this is not true, p l ea s e n o t i f y me immedia t e ly , as it will obviously a f f e c t the time needed for Dr.
Y a n g ' s depo s i t i on.

Sincere ly,

Matthew Cohn
Legal Enforcement Program

cc: J a m e s D. Freeman, DOJ
H e i d i Kuki s , DOJ
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